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TITLE 



TRICYCLIC HERBICIDAL HETEROCYCLES 



BACKGROUND OF THE INVENTION 



This invention relates to certain tricyclic heterocyclcs, their A-oxides, 



5 agriculturally-suitable salts and compositions, and methods of their use for controlling 
undesirable vegetation. 

The control of undesired vegetation is extremely important in achieving high crop 
efficiency. Achievement of selective control of the growth of weeds especially in such 
useful crops as rice, soybean, sugar beet, corn (maize), potato, wheat, barley, tomato and 

10 plantation crops, among others, is very desirable. Unchecked weed growth in such 
useful crops can cause significant reduction in productivity and thereby result in 
increased costs to the consumers. The control of undesired vegetation in noncrop areas 
is also important. Many products are commercially available for these purpose^ but the 
need continues for new compounds which are more effective, less costly and 

15 environmentally safe. 



This invention is directed to compounds of Formula I including all geometric and 
stereoisomers, A-oxides, and agriculturally suitable salts thereof, agricultural 
compositions containing them and their use for controlling undesirable vegetation: 



SUMMARY OF THE INVENTION 



20 



O 




wherein 



Q is 




O 




Q-i 



0-2 



25 
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R 10 






N 













or 




Q-3 



0-4 



J is 



10 



15 



20 



25 




"F(R 3 )n 



X is O, S(0) P N(C r C 2 alkyl) or CH 2 optionally substituted with 1-2 C r C 2 alkyh 
Y together with the carbons to which it is attached form a phenyl ring or a fused 
five or six-membered heterocyclic ring, which may be fully aromatic or 
partially or fully saturated, containing I to 3 hcteroatoms independently 
selected from the group nitrogen, oxygen, and sulfur, provided that the 
heterocyclic ring contains no more than 2 oxygens and no more than 2 
sulfurs, and the ring is optionally substituted with one to three groups 
independently selected from the group C r C 6 alkyl, C r C 6 halualkyl. C r C b 
alkoxy, C r C 6 haloalkoxy, C r C 6 alkylthio, C r C 6 haloalkyhhio, C r C t 
aikylsulfinyl, C r C 6 haloalkylsulfinyl, C, -C t alkylsulfony], C r C 6 
haloalkylsulfonyh aminosulfonyl, C r C 2 alkylaminosulfonyl, C 2 -C 4 
dialkylaminosulfonyl, NR I5 R 16 , C 2 -C 6 alkoxyalkyl, C 2 -C 6 alkoxycarbonyl, 
C 2 -C 6 alkylcarbonyl, halogen, cyano, nitro, phenyl optionally substituted 
with C r C 3 alkyl, halogen, cyano or nitro, and pyridyl optionally substituted 
with C r C 3 alkyl, halogen, cyano or nitro, provided that when a nitrogen 
atom of the fused heterocyclic ring is substituted, then the nitrogen ^ 
substituent is other than halogen; 
Z is selected from the group -CH 2 CH 2 CH 2 -, -OCH 2 CH 2 - t -0-CH=CH-, 
-NR 13 CH 2 CH 2 -, -NR 13 CH=CH-, -N=CHCH 2 -, -OCH 2 0-, 
-NR^CHoNR 13 -, -N=CHNR 13 -, -CH 2 OCH 2 -, -CH 2 NR 13 CH 2 -. 
-CH 2 S(0) r CH 2 -, -CH 2 C(0)CH 2 -, -CH=NCH 2 -, -CH 2 CH 2 -, -OCH 2 -, 
-SCH 2 -, and -NR 13 CH ? -, each group optionally substituted with one to four 
R 5 , and the directionality of the Z linkage is denned such that the moiety 
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depicted on the left side of the linkage is bonded to the carbonyl carbon of 

Q-i; 

R 1 and R 2 are independently H, C r C 6 alkyl, C r C 6 haloalkyl. C r C 6 alkoxy. 

Cj-C 6 haloalkoxy, C r C 6 alkylthio, C r C 6 haloalkylthio, C r C 6 
5 alkylsulfinyU C r C 6 haloalkylsulfinyl, C r C 6 alkylsulfonyl, C r C b 

haloalkylsulfonyl, aminosulfonyf C t -C 2 alkyiaminosulfonyl, C 2 -C 4 

dialkylaminosulfonyl, halogen, cyano or nitro; 
each R 3 is C r C 2 alkyl; 

R 4 is OR 14 , SH, C r C 6 alkylthio, C r C 6 haloalkylthio, C r C 6 alkylsulfinyl, C r C 6 
10 haloalkylsulfinyl, C r C 6 alkylsulfonyl, C r C 6 haloalkylsulfonyl. halogen or 

NR 15 R 16 ; or R 4 is phenylthkx phenylsulfonyl or -SCH 2 C(0)Ph, each 
optionally substituted with C r C 3 alkyl, halogen, cyano or nitro; 
each R 5 is independently H, C r C 3 alkyl, C 3 -C 6 alkenyl, C 3 -C 6 alkynyf C,-C ? 
alkoxy, forrnyl, C 2 -Q alkoxycarbonyl, -CH(C r C 3 alkoxy) 2 . C r C 3 
15 alkylthio, C2-C4 alkylthioalkyl, cyano or halogen; or when two R s are 

attached to the same carbon atom, then said R 5 pair can be taken together to 
form -OCH 2 CH 2 0-, -OCH 2 CH 2 CH 2 0-, -SCH 2 CH 2 S- or -SCH 2 CH 2 CH 2 S-, 
each group optionally substituted with 1-4 CH^; 
R fi is OR 14 . SH, C r C 6 alkylthio, C r C 6 haloalkylthio, C r C 6 alkylsulfinyl. C,-C 6 
20 haloalkylsulfinyl, C r C 6 alkylsulfonyl, C r C 6 haloalkylsulfonyl, halogen or 

NR*5R16; or r4 is phenylthio, phenylsulfonyl or -SCH 2 QO)Ph, each 
optionally substituted with C r C 3 alkyl, halogen, cyano or nitro: 
R 7 is H, C r C 6 alkyK C r C 6 haloalkyl, C 3 -C 6 alkenyl, C 3 -C 6 alkynyl or 

-CH 2 CH 2 OR 13 ; or R 7 is phenyl or benzyl, each optionally substituted on the 
25 phenyl ring with Cj-C 3 alkyl, halogen, cyano or nitro; 

R 8 is H, C r C 6 alkyl, C r C 6 haloalkyl, C r C 6 alkoxy, C r C 6 haloalkoxy, halogen, 
cyano or nitro; 

R 9 is H, C r C 6 alkyl, C r C 6 haloalkyl, C r C 6 cycloalkyl orC 3 -C 6 halocycloalkyl; 
R 10 is H, C 2 -C 6 alkoxycarbonyl, C 2 -C 6 haloalkoxycarbonyl, C0 2 H or cyano; 
30 R 1 1 is C r C 6 alkyl, C r C 6 haloalkyl, C 3 -C 6 cycloalkyl optionally substituted with 

1-4 C r C 3 alkyl or C 3 -C 6 halocycloalkyl; 
R 12 is cyano, C 2 -C 6 alkoxycarbonyl. C 2 -C 6 alkylcarbonyl, S(0) r R 16 or 

C(0)NR l5 R 16 ; 
R 13 is H or C r C 6 alkyl; 
35 R 14 is H, C r C 6 alkyl, C r C 6 haloalkyl, C r C 6 alkoxyalkyl, formyl, C 2 -C 6 

alkylcarbonyl, C 2 -C 6 alkoxycarbonyl, C(0)NR 15 R"^\ C r C 6 alkylsulfonyl 
or CpC^ haloalkylsulfonyl; or R 14 is phenyl, ben/.yl. benzoyl, 
-CH 2 CCO)phenyl or phenylsulfonyl, each optionally substituted on the 
phenyl ring with Cj-C 3 alkyl, halogen, cyano or nitro; 
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4 

R15 isHorC,-C 6 alkyl; 

R 1 6 is C ! -C 6 alkyl or C ] -C 6 alkoxy ; or 

R 15 and R 16 can be taken together as -CH 2 CH 2 -, -CH 2 CH 2 CH : -. 

-CH 2 CH 2 CH 2 CH 2 -, -CH 2 CH 2 CH 2 CH 2 CH r or -CH 2 CH 2 OCH 2 CH r ; 
5 m is 0, 1 or 2; 

n is 1 or 2; 
p is 0, 1, or 2; and 
r is 0, 1 or 2. 

The dotted line in the ring containing Y in J of Formula I indicates that the ring 
10 may be unsaturated, or may be partially or fully saturated as further defined in the above 
recitation of Y. 

In the above recitations, the term "alky!", used either alone or in compound words 
such as ^alkylthio" or "haloalkyT includes straight-chain or branched alkyl. such as, 
methyl, ethyl, w-propyh /-propyl, or the different butyl, pentyl or hexy] isomers. The 

1 5 term ,; 1 -2 alkyl" indicates that one or two of the available positions for that substituent 
may be alkyl. "Alkenyl" includes straight-chain or branched alkenes such as 
1-propenyl, 2-propenyl, and the different butenyl, pentenyl and hexenyl isomers. 
"AlkenyT also includes polyenes such as 1,2-propadienyl and 2,4-hexadienyl. 
"AlkynyP includes straight-chain or branched alkynes such as 1-propynyl. 2-propyny; 

20 and the different butynyl, pentynyl and hexynyl isomers. "AlkynyT can also include 

moieties comprised of multiple triple bonds such as 2,5-hexadiynyl. ''"Alkoxy" includes, 
for example, methoxy, ethoxy, w-propyloxy. isopropyloxy and the different hutoxy. 
pentoxy and hexyloxy isomers. "Alkoxyalkyf ' denotes alkoxy substitution on alkyl. 
Examples of kl alkoxyalk y r include CH 3 OCH 2 , CH 3 OCH 2 CH 2 , CH 3 CH 2 OCH 2 , 

25 CH 3 CH 2 CH 2 CH 2 OCH 2 and CH 3 CH 2 OCH 2 CH 2 . "Alkylthio" includes branched or 
straight-chain alkylthio moieties such as methylthio, ethylthio, and the different 
propylthio, butylthio, pentylthio and hexylthio isomers. "Alkylsulfinyl" includes both 
enantiomers of an alkylsulfinyl group. Examples of "alkylsulfinyl" include CH ? S(0), 
CH 3 CH 2 S(0), CH 3 CH 2 CH 2 S(0). (CH 3 ) 2 CHS(0) and the different butylsulfinyl. 

30 pentylsulfinyl and hexylsulfinyl isomers. Examples of "alkylsulfonyl" include 

CH 3 S(0) 2 , CH 3 CH 2 S(0) 2l CH 3 CH 2 CH 2 S(OK (CH 3 ) 2 CHS(0) 2 and the different 
butylsulfonyl, pentylsulfonyl and hexylsulfonyl isomers. ^'Alkylamino". 
"dialkylamino", and the like, are defined analogously to the above examples. 
"CycloalkyP includes, for example, cyclopropyl, cyclobutyl. cyclopcniyl, and 

35 cyclohexyl. 

The term "halogen", either alone or in compound words such as "haloalkyT. 
includes fluorine, chlorine, bromine or iodine. Further, when used in compound words 
such as "haloalkyT, said alkyl may be partially or fully substituted with halogen atoms 
which may be the same or different. Examples of kt haloalkyr include F 3 C, C1CH 2 , 
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CF 3 CH 2 and CF 3 CC1 2 . Examples of "haloalkoxy" include CF 3 0, CC1 3 CH 2 0. 
HCF 2 CH 2 CH 2 0 and CF 3 CH 2 0. Examples of "haloalkylthio" include CC1 3 S. CF 3 S, 
CC1 3 CH 2 S and C1CH 2 CH 2 CH 2 S. Examples of "haloalkylsulfonyl" include CF 3 SfOi 2 . 
CC1 3 S(0) 2 , CF 3 CH 2 S(0) 2 and CF 3 CF 2 S(0) 2 . 
5 The total number of carbon atoms in a substituent group is indicated by the 

"Cj-Cj" prefix where i and j are numbers from 1 to 6. For example, C r C \ alkylsuifonyl 
designates methylsulfonyl through propylsulfonyl; C 2 alkoxyalkyl designates 
CH 3 OCH 2 : C 3 alkoxyalkyl designates, for example, CH 3 CH(OCH 3 ), CH 3 OCH 2 CH 2 or 
CH 3 CH 2 OCH 2 ; and C 4 alkoxyalkyl designates the various isomers of an alkyl group 
10 substituted with an alkoxy group containing a total of four carbon atoms, examples 
including CH 3 CH 2 CH 2 OCH 2 and CH 3 CH 2 OCH 2 CH 2 . Examples of "alkylcarbonyr 
include C(0)CH 3 . C(0)CH 2 CH 2 CH 3 and C(0)CH(CH 3 ) 2 . Examples of 
"alkoxycarbonyr include CH 3 OC(=0), CH 3 CH 2 OC(=0), CH 3 CH 2 CH 2 OC(=0), 
(CH 3 ) 2 CHOC(=0) and the different butoxy- or pentoxycarbonyl isomers. In the above 
1 5 recitations, when a compound of Formula I includes a six-membered aromatic ring 
which contains a nitrogen atom, then all substituents on the heterocyclic ring are 
attached through the carbon atom(s) of that ring. 

When a group contains a substituent which can be hydrogen, for example R 1 or - 
R 14 , then, when this substituent is taken as hydrogen, it is recognized that, this is « 
20 equivalent to said group being unsubstituted. : 

Compounds of this invention can exist as one or more stereoisomers. The various , \£ 
stereoisomers include enantiomers, diastereomers, atropisorners and geometric isomers. 4 
One skilled in the art will appreciate that one stereoisomer may be more active and/or • ^ 

may exhibit beneficial effects when enriched relative to the other stereoisomer(s) or 
25 when separated from the other stereoisomer(s). Additionally, the skilled artisan knows 
how to separate, enrich, and/or to selectively prepare said stereoisomers. Accordingly, 
the present invention comprises compounds selected from Formula I, yV-oxides and 
agriculturally suitable salts thereof. The compounds of the invention may be present as 
a mixture of stereoisomers, individual stereoisomers, or as an optically active form. 
30 Some compounds of this invention can exist as one or more tautomers. One 

skilled in the art will recognize, for example, that compounds of Formula la (Formula 1 
where Q is Q-l, R 4 is OR 14 , and R 14 is II) can also exist as the tautomers of 
Formulae rb and Ic as shown below. One skilled in the art will recognize that said 
tautomers often exist in equilibrium with each other. As these tautomers interconven 
35 under environmental and physiological conditions, they provide the same useful 

biological effects. The present invention includes mixtures of such tautomers as well as 
the individual tautomers of compounds of Formula I. 
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lb Ic 

The salts of the compounds of the invention include acid-addition salts with 
inorganic or organic acids such as hydrobromic, hydrochloric, nitric, phosphoric, 

5 sulfuric, acetic, butyric, fumaric, lactic, maleic, malonic, oxalic, propionic, salicylic, 

tartaric, 4-toIuenesulfonic or valeric acids. The salts of the compounds of the invention 
also include those formed with organic bases (e.g., pyridine, ammonia, or trieihylamine.) 
or inorganic bases (e.g., hydrides, hydroxides, or carbonates of sodium, potassium, 
lithium, calcium, magnesium or barium) when the compound contains an acidic group 

10 such as a carboxylic acid or enol. Preferred salts include the lithium, sodium, 

potassium, triethylammonium, and quaternary ammonium salts of the compounds of the 
invention. 

Preferred compounds for reasons of better activity and/or ease of synthesis are: 
Preferred 1 . Compounds of Formula I, and A/-oxides and agriculturally-suitable 
15 salts thereof, wherein J is selected from the group 




M j_ 2 



BNSDOCID: <WO 971 90S7A1 J_> 



WO 97/19087 



PCT/US96/18381 




WO 97/19087 



8 



PCT/US96/18381 




WO 97/19087 



9 



PCT/US96/18381 




18 



J-27 




J-28 
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1 1 




J-42 



R 17 is H, C r C 6 alkyl, C r C 6 haloalkyl. C r C 6 alkoxy, C r C 6 haioalkoxy, 
C|-C^ alkylsulfonyL C r C 6 haloalkylsulfonyl. aminosulfonyl, 
CpC2 alkylaminosulfonyl, C 2 -C 4 dialkylaminosulfonyl, C2~C 6 
5 alkoxyalkyl, C2~C 6 alkoxycarbonyl or CVC 6 alkylcarbonyl; or R 17 

is phenyl or pyridyl, each optionally substituted with C r C^ alkyl, 
halogen, cyano or nitro; 
each R 18 is independently H, C r C 6 alkyl, C,-C 6 haloalkyl, C,-C 6 

alkoxy. C r Q, haloalkoxy, C r C 6 alkylthio, C r C 6 haloalkylthio, 
10 C r C ft alkylsulfinyi, C r C 6 haloalkylsulfinyl, C r C 6 alkylsulfonyl, 

Cj-C^ haloalkylsulfonyl, aminosulfonyl. C r C2 
alkylaminosulfonyk C 2 -C 4 dialkylaminosulfonyl. NR LS R 16 T C : -C f , 
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alkoxyalkyk C 2 -C 6 alkoxycarbonyl, C 2 -C 6 alkylcarbonyi, halogen, 
cyano or nitro; 

each R 19 is independently H. C r C 6 alkyl, C r C 6 haloalkyl, C 2 -C 6 

alkoxyalkyl, C 2 -C 6 alkoxycarbonyl or C^-Cg alkylcarbonyi; and 
5 q is 0, 1 or 2. 

Preferred 2. Compounds of Preferred 1 wherein: 
Q is Q-l. 

Preferred 3. Compounds of Preferred 2 wherein: 

Z is CH 2 CH 2 CH2 optionally substituted with one to four R\ 
10 R l and R 2 are independently H, Cj-C* alkyl, C r C 3 alkoxy. halogen or 

nitro; 
R 4 is OR 14 ; and 

R 14 is II or C r C 4 alkylsulfonyl: or R 14 is benzoyl or phenylsulibnyl. 
each optionally substituted with C r C 3 alkyl, halogen, cyano or 
1 5 nitro. 

Preferred 4. Compounds of Preferred 3 wherein: 
X is S(0) r ; 
m is 1 or 2; and 
r is 2. 

20 Preferred 5. Compounds of Preferred 1 wherein: 

Q is 0-2; 

Preferred 6. Compounds of Preferred 5 wherein: 

R 1 and R 2 are independently H, C r C\ alkyl. C r C } alkoxy. halogen or 
nitro; 

25 R 6 is H or C r C 4 alkylsulfonyl; or R° is benzoyl or phenylsulfonyl, each 

optionally substituted with C r C 3 alkyl, halogen, cyano, or nitro: 
R 7 is H, C r C 6 alkyl. or C 3 -C ft alkenyl; and 
R* is H; 

Preferred 7. Compounds of Preferred 6 wherein: 
30 X is S(0) r ; 

m is 1 or 2; and 
r is 2. 

Preferred 8. Compounds of Preferred 1 wherein: 
Q is Q-3. 

35 Preferred 9. Compounds of Preferred 8 wherein: 

R 1 and R 2 are independently H. C r C 3 alkyl. C r C 3 alkoxy, halogen or 
nitro; 

R 9 is H, C r C 3 alkyl, or cyclopropyl: and 
R 1() is H or C2-C3 alkoxycarbonyl. 
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Preferred 10. Compounds of Preferred 9 wherein; 
X is S(0) r ; 
m is i or 2; and 
r is 2. 

5 Preferred 11. Compounds of Preferred 1 wherein: 

Q is Q-4. 

Preferred 12. Compounds of Preferred 11 wherein: 

R 1 and R 2 are independently H, C r C ?s alkyl, C r C 3 alkoxy. halogen or 
nitro; 

J 0 R 1 1 is C 3 -C 6 cycloalkyl or C 3 -C 6 halocycloalky L each optionally 

substituted with 1-4 C1-C3 alkyl; and 
R 12 is cyano or C 2 -C 6 alkoxycarbonyl. 
Pre! erred 13. Compounds of Preferred 12 wherein; 
X is SCO) r ; 
15 m is 1 or 2; and 

ris2. 

Most preferred are compounds of Formula la above, and sodium, potassium, 
and quaternary ammonium salts thereof, selected from the group: 
a) 2-f(2,4-dihydro-2,6 ; 9-trimethyl[l]benzothiopyrano[4.3-c]pyrazol-8- 
20 yljcarbonylj- 1 ,3-cyclohexanedione S\5-dioxide; 

b. ) 2-f(2-ethyl-2,4-dihydro-6.9-dimethyI[r|bcnzothiopyrano[4.3-r]pyra/ol-8 
yl icarbonylj- 1 ,3-cyclohexanedione W-dioxide; 

c, ) 2-[(2.4-dihydro-2,6,9-trimethyirilbenzothiopyranof4 4 3-6'Jpyra/oi-8- 
yl )carbonyl]-5-methyl- 1 ,3-cyclohexanedione 5.5-dioxide; 

25 d) (2.4-dihydro-2,6,9-trimethylf 1 ]bcnzothiopyrano[4,3-r]pyrazoI-8-y]){ ]- 

ethyl-5-hydroxy-l//-pyrazol-4-yl)methanone 5,5-dioxide; 

e) 2-[(3-chloro-2-ethyl-2,4-dihydro-6,9-dimethyl[l]benzothiopyrano[4,3- 
cJpyrazol-8-yl)carbonylJ-l ,3-cyclohexanedione S.S-dioxide; and 

f) 24(4,5-dihydro-2JJ0-trimethyl-2/7[l]benzothiepinof5.4-c]pyrazol-9- 
30 yl)carbonyl]-5-methyl- 1 ,3-cyclohexanedionc 5,5-dioxide. 

This invention also relates to herbicidal compositions comprising herbicidally 
effective amounts of the compounds of Formula I and at least one of a surfactant, a solid 
diluent or a liquid diluent. The preferred compositions of the present invention are 
those which comprise the above preferred compounds. 
35 This invention also relates to a method for controlling undesired vegetation 

comprising applying to the locus of the vegetation herbicidally effective amounts of the 
compounds of Formula I (e.g., as a composition described herein). The preferred 
methods of use are those involving the above preferred compounds. 
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DETAILS OF THE INVENTION 
The compounds of Formula I can be prepared by one or more of the following 
methods and variations as described in Schemes 1-24. The definitions of Q, X* Y. Z. 
Ri-R 19 , m, n, p and r in the compounds of Formulae 1-27 below are as defined above in 
5 the Summary of the Invention. Compounds of Formulae la-Ig arc various subsets of the 
compounds of Formula I, and all substituents for Formulae la-Ig arc as defined above 
for Formula 1. 

Compounds of General Formula Id can be readily prepared by one skilled in the 
art by using the reactions and techniques described in Schemes 1-16 of this section as 
10 well as by following the specific procedures given in Examples 1. 2 and 4. 




Id 

Scheme 1 illustrates the preparation of compounds of Formula Id (R 4 = OR 14a 
and R l4n is the same as R 14 as described in the Summary of the Invention excluding H) 
15 whereby a compound of Formula Id (R 4 = OH) is reacted with a reagent of Formula 1 in 
the presence of a base wherein X' is chlorine, bromine, fluorine, irifluomsulfonyloxy 
(OTf), or acctyloxy (OAc) and R 14a is as previously defined. The coupling is carried 
out by methods known in the art for by slight modification of these methods ): for 
example, see K. Nakamura, et al.. WO 95/04054. 

20 

Scheme 1 

Id (R 4 = OH) + Rl4a X ! ► Id (K 4 = OR 14a i 

! base 

Compounds of Formula Id (R 4 = Nu; Nu = SR 14b or OR 14c ; R ,4b is H, C r C 6 
alkyl or C r C 6 haloalkyl; R 14c is C r C 6 alkyl, C r C 6 haloalkyl or C 2 -C 6 alkoxyalkyl) 
25 can be prepared by one skilled in the art from a compound of Formula Id 

(R 4 = halogen) by treatment with a nucleophile of Formula 2 (Nu = SR 14b or OR 14c ; 
M = Na, K, or Li) as shown in Scheme 2 using methods well documented in the 
literature (or slight modification of these methods): for example, sec S. Miyano, et al.. 
J. Chem. Soc, Perkin Trans. 1 (1976), 1 146. 
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Id (R 4 = halogen) + MSR l4b or MOR 14c Id <R 4 = SR I4b or OR l4c ! 

2 

Compounds of Formula Id (R 4 = halogen) can be prepared by reacting a 
compound of Formula Id (R 4 = OH) with a halogenating reagent such as oxalyl 
5 bromide or oxalyl chloride (Scheme 3). This conversion is carried out by methods 
known in the art (or by slight modification of these methods): for example see 
S. Muller, ct aL, WO 94/13619; S. Muller, ct a!., DE 4,24 1,999. 

Scheme 3 

Id iR 4 ^ OH l [d iR 4 = halogen) 

halogenating 
roacent (e.g.. oxalyl 
bromide, oxalyl chloride) 

10 

Scheme 4 illustrates the preparation of compounds of Formula Id (R 4 = OH), 
whereby an enol ester of Formula 3 is reacted with a base such as triethylamine in the 
presence of a catalytic amount of cyanide source (e.g.. acetone cyanohydrin or 
potassium cyanide). This rearrangement is carried out by methods known in the art 
15 (or by slight modification of these methods): for example see W. J. Michaelyy 
EP 369.803. 

Scheme 4 

O 




Id (R 4 = OH) 



9719087A1 t > 



97/19087 



16 



PCT/US96/ 18381 



Enol esters of Formula 3 can be prepared by reacting a clione of Formula 4 with 
an acid chloride of Formula 5 in the presence of a slight mole excess of a base such as 
triethylamine in an inert organic solvent such as acetonitrile, methylene chloride or 
toluene at temperatures between 0 °C and 1 10 °C (Scheme 5). This type of coupling is 
known in the art: for example, see W. J. Michaely, EP 369,803. 



Scheme 5 




The acid chlorides of Formula 5 can be prepared by one skilled in the art by 
reacting an acid of Formula 6 with chlorinating agents such as oxalyl chloride or 
thionyl chloride and a catalytic amount of dimethylformamide (Scheme 6). This 
chlorination is well known in the art: for example, see W. J. Michaely, EP 369.803 

Scheme 6 



oxalyl chloride 
( or thionvl chloride } 
_ : ^ s 

catalytic amount 

ot /V./V-dimcthy 1- 

I'ormamidc 

Scheme 7 illustrates the preparation of acids of Formula 6 (X = S(0 ) E ; r = 1 or 2) 
whereby an acid of Formula 6 (X = S) is reacted with an oxidizing reagent such as 
peroxyacetic acid, w-chloroperoxybenzoic acid, Oxonc -\ or hydrogen peroxide (the 
reaction may be buffered with a base such as sodium acetate or sodium carbonate). 
The oxidation is carried out by methods known in the art (or by slight modification of 
these methods): for example, see B. M. Trost, et ah, J. Org. Chem. (1988), 53, 532; 
B. M. Trost, et a]., Tetrahedron Lett. (1981), 21, 1287: S. Patau el aL The Chemistry 
of Sulphones and Sulphoxides, John Wiley & Sons. For some acids of 
Formula 6 (X = S) with a functional group not compatible with the reaction 
conditions, the functional group may be protected before the oxidation and then be 
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deprotected after the oxidation. The protecting and deprotecting procedures are well 
known in the literature: for example see T. W. Greene, ei ah. Protective Groups in 
Organic Synthesis (Second Edition), John Wiley & Sons, Inc. 

Scheme 7 




Scheme 8 illustrates the preparation of acids of Formula 6 (r = 0 if X = SfO) r J 
whereby a phenyl bromide of Formula 7 (r = 0 if X = S(Oj r ) is treated with 
/7-butyllithium (or magnesium) and the lithium salt (or the Grignard reagent) generated 

10 in situ is then reacted with carbon dioxide followed by acidification with an acid such as 
hydrochloric acid. This conversion is carried out by methods known in the art (or bv 
slight modification of these methods j: for example, see M. A. Ogliaruso, et al.. 
Synthesis of Carhoxylic Acids, Esters and Their Derivatives, pp 27-28, John Wiley & 
Sons; A. J. Bridges, et al., 7. Org. Chem. (1990), 55. 773; C. Franke, et al.. Angeu. 

15 Chem, Int. Ed. (1969), 5, 68. Protecting and deprotecting functional groups not 

compatible with the reaction conditions may be necessary for compounds with such a 
functional group. 
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Scheme 8 




Scheme 8a illustrates the preferred method for the preparation of acids of 
Formula 6 (r = 2 if X ~ S(0) r ) whereby a phenyl bromide of Formula 7 f r = 2 if 
5 X = S('0) r ) is treated with copper cyanide followed by hydrolysis of the intermediate 
nitrile to the carboxylic acid. This conversion is carried out by methods known in the 
an (or by slight modification of these methods): for example, see L. Friedman and H. 
Shechter J. Org. Chem. (1961), 26, 2522. Protecting and deprotcctini: functional 
groups not compatible with the reaction conditions may be necessary for compounds 
10 with such a functional group. 

Scheme Sa 




Phenyl bromides of Formula 7 (r = 0 if X ~ S(0) r ) can be readily prepared by 
15 one skilled in the art by using the reactions and techniques described in Schemes 9-14 
(or by slight modification of these methods). Scheme 9 illustrates the preparation of 
phenyl bromides of Formula 7a (r = 0 if X = S(0) r ) and Formula 7b (r = 0 if X = SfO) r ) 
whereby a ketone of Formula 8 is reacted with a hydrazine of Formula 9. Some of the 
immediate products from the reactions of Scheme 9 may be further modified 
20 (e.g., conversion of OH on the pyrazole ring to CI by treatment with POCI3 or 

/V-alkylation of the 1 -//-pyrazole with an alkylating reagent such as ethyl bromide or 
ethyl sulfate) to give the desired phenyl bromides of Formula 7a (r = 0 if X = S(0) r ) and 
Formula 7b (r = 0 if X = S(0) r ). The above-mentioned reactions are carried out by 
methods known in the art (or by slight modification of these methods): for example, see 
25 A. R. Katritzky, et al.. Comprehensive Heterocyclic Chemistry, Volume 5. p 121 and 
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pp 277-280, (1984) Pergamon Press; M. Hauscr, ei aL J. Org. Chcm. ( 1961 L 26. 45 1: 
E. F. M. Stephenson, Org. Synth. (1949). 29, 54. 



Scheme 9 




7b 



R 17iJ = H or C r C 4 alkyl 

R 1 ^ = R 1 S excluding halogen, cyano. and nitro 

5 

Alternatively, many phenyl bromides of Formula 7a (r = 0 if X = SfO) r ) and 
Formula 7b (r = 0 if X = S(0) r ) can also be prepared by reacting a ketone of Formula 10 
with a hydrazine of Formula 9 (Scheme 10) in an inert organic solvent such as 
acctonitrile, ethanol or toluene at temperatures between 0 °C and I 10 °C for a period of 

10 time ranging from 1 hour to 3 days. The reaction mixture is then concentrated and the 
resulting residue is flash column chromatographed over silica gel with eluents such as 
mixtures of ethyl acetate and hexanes to give the phenyl bromides of Formula 7a (r = 0 
if X = S(0) r ) and Formula 7b ( r = 0 if X = SCO) r ). Phenyl bromides of Formula 7a 
(R 17 = H; r = 0 if X = S(Oj r ) or Formula 7b (R 17 = H; r = 0 if X = S(0) r ) may be further 

15 A'-alkylated with an alkylating reagent such as ethyl bromide or ethyl sulfate to give the 
phenyl bromides of Formula 7a (R 17 = C,-C 6 alkyl; r = 0 if X = S(0) r ) and Formula 7b 
(Ri 7 = C r C 6 alkyl; r = 0 if X = S(0) r ). 

Phenyl bromides of Formula 7a (X = S(Oj r and r = 0) and Formula 7b 
(X = S(0) r and r = 0) can also be oxidized to compounds of Formula 7a (X = S(Oj r and 

20 r = 1 or 2) and Formula 7b (X = S(0) r and r = i or 2) by employing similar methods as 
described for Scheme 7. 



Br 




Scheme 10 

V ? (CH * H,NNHRl*. 

~~ 9 

R isb Br 



10 



•(R 3 )p with further 




modification on 
the pyra/,ole ring ^ x^^^X 



m 



if appropriate 




7 a 



'm 



7b 



R 18b = H orC|-C 6 alky] 



Similarly, phenyl bromides of Formula 7c (r = 0 if X = S(0) r ) and Formula 7d 
(r = 0 if X = S(0) r ) can also he prepared by reacting a ketone of Formula 8 or 

5 Formula 10 with liydroxylamine or hydroxylamine hydrochloride (Scheme 1 1 ). Some of 
the immediate products from the reactions of Scheme 1 1 may be further modified (e.g.. 
conversion of OH on the isoxazole ring to CI by treatment with POCl 3 ) to give the 
desired phenyl bromides of Formula 7a (r = 0 if X = S(0) r ) and Formula 7b (r = 0 if 
X = S(0) r ). The above-mentioned conversions are carried out by methods known in the 

10 art (or by slight modification of these methods): for example, see A. R. Katritzky, et al.. 
Comprehensive Heterocyclic Chemistry, Volume 6. pp 61-64 and p 1 18, ( 1984) 
Pergamon Press; H. Boshagen, Chem. Ber.. (1967), 700, 3326. 



Scheme 1 1 



8 

(or 10) 




7c! 
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10 



Scheme 12 illustrates the preparation of phenyl bromides of Formula 7e (r = 0 if 
X = S(0) r ) whereby a ketone of Formula 8 or Formula 10 is reacted with an amidine of 
Formula 1 1 . Some of the immediate products from the reactions of Scheme 1 2 may be 
further modified (e.g., conversion of OH on the pyrimidine ring to CI by treatment with 
POCI3 or conversion of NH2 on the pyrimidine ring to CI by treatment with 
NaNC^/HCl/H^O). The above-mentioned reactions are carried out by methods known in 
the art (or by slight modification of these methods): for example, see A. R. Katritzky. et 
ah. Comprehensive Heterocyclic Chemistry, Volume 3. p I 12-1 14, (1984) Pergamon 
Press; D. J. Brown, ct al.,./. Chem. Soc. C (1967). 1922: L Kugon, et al.. Org. Synth. 
(1963). IV. 182. 



8 

(or KM 



Scheme 12 



1 i 



with further modification 
on the pyrimidine ring 
if appropriate 




R 18c = H, C r C 4 alky i. OH or NH : 



7e 



15 



20 



Scheme 13 illustrates the preparation of phenyl bromides of Formula 7f fr = 0 if 
X = S(0) r ) whereby a ketone of Formula 12 is reacted with a hydrazine of Formula 9. 
This conversion is carried out by methods known in the art (or by slight modification of 
these methods): for example, see A. R. Katritzky, et al.. Comprehensive Heterocyclic 
Chemistry, Volume 5, pp 278-279, ( 1984) Pergamon Press. 



Scheme 13 



R 19 




r!9 H 2 NNHR l7a Br 



with further modification 
on the dihydropyrazole (R")n 
ring if appropriate 




7f 



Other phenyl bromides of Formula 7 can be prepared in an analogous manner 
using methods known in the art (or by slight modification of these methods): for 
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example, see A. R. Katritzky, et aL Comprehensive Heterocyclic Chemistry, Volumes 
2-6, (1984) Pergamon Press; E. Campaigns et aL J. HeterocycL Chem.. (1969), 553; A. 
N. Fujiwara, J. HeterocycL Chem., (1968), 853. 

The ketones of Formula 8 can be prepared by one skilled in the art by reacting a 
5 ketone of Formula 13 with an anhydride of Formula 14 (or an acyi chloride of 
Formula 15) and a catalytic amount of a Lewis acid such as boron trifiuoride 
(Scheme 14). This conversion is well known in the art: for example, see A. Phihpp, 
et al., Can. J. Chem., (1979), 57, 3292; B. M Perfeiu, et al., 7. Am. Chem. Soc, (1953). 
75, 626. 

10 

Scheme 14 



O 



Br 




O 

RlRaC- 



<R 2 )n' 



o j> 

■O CRlSa or R 1 &i — CC'I 

[4 15 

3 

Lewis acid (e.g., BF3 ) 



13 



The ketones of Formula 10 can be prepared by one skilled in the art by reacting a 
ketone of Formula 13 with an amide dimethyl acetal of Formula 16 (Scheme 15). T his 
conversion is well known in the art: for example, see G. Litkei. et al.. On;. Prep. 
Proced. Int.. (1990), 22, 47-56; N. Dereu, et aL, J. Organomct. Chem.. (1981 ). 20S. 1 1; 
B. GammilL Synthesis, (1979), 901. 



Scheme 15 



20 



OS 



13 



H^CO N(CH 3 ) 2 



H^CO 



R 18b 



10 



The ketones of Formula 1 2 can be prepared by one skilled in the art by reacting a 
ketone of Formula 13 with an aldehyde or a ketone of Formula 17 (or its equivalent) in 
the presence of an acid or a base as shown in Scheme 16. This conversion is well 
known in the art: for example, see J. L. Gras.. Tetrahedron Lett., ( 1978), 21 1 1; L. 
Engman, et al.. Tetrahedron Lett.. (1981). 5251; A. Roedig, et al.. Chem. Her., ( 1960), 
2294; T. Girija, et al., J. Chem. Soc, Perk. Trans. I, (1991 h 1467; A J. Laurent, et al.. 
Tetrahedron Lett., (1992) 8091. 
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Scheme 16 
R 19 



13 




acid or base 



The ketones of Formula 13 can be prepared by methods known in the art (or by 
slight modification of these methods): for example, see W. Flemming, el al., Chan. 
Bet\, ( 1925), 5<S\ 1612; I. W. J. Still, et al.. Can. J. Chem.. (1976), 54. 453-470; V.J. 
Traynehs, et al., J. Or}>. Chem.. ( 1 96 1), 26, 2728; I. Nasuno. et a!., WO 94/08988. 

Compounds of General Formula Ie can be readily prepared by one skilled in the 
art by using the reactions and techniques described in Schemes I 7-19 of this section as 
well as by following the specific procedures given in Examples 3. 5, and 6. 




Ic 



Scheme 17 illustrates the preparation of compounds of Formula le (R (ni is OR' 4 
as described in the Summary of the Invention excluding OH) whereby a compound of 
Formula Ie ( = OH) is reacted with a reagent of Formula 18 in the presence of a base 
wherein X- is chlorine, bromine, fluorine, OTf ; or OAc and R 6n is as previously- 
defined. This coupling is carried out by methods known in the art ('or by slight 
modification of these methods): for example, see K. Nakamura. et al., WO 95/04054. 

Scheme 17 
le (R 6 = OH) + R^X 2 — ^ Ic(R 6 = R 6a ) 

Scheme 18 illustrates the preparation of compounds of Formula Ie ( R 6 = OH ), 
whereby an ester of Formula 19 or its isomer 19a is reacted with a base such as 
tricthylamine in the presence of a catalytic amount of cyanide source ( e.g.. acetone 



5 



10 
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cyanohydnn or potassium cyanide). This rearrangement is carried out by methods 
known in the art (or by slight modification of these methods): for example, see W. J. 
Michaely, EP 369,803. 

Scheme 18 




19 




base 

(e.g., trieth) laniine \ 

cyanide source in 
catalytic amount 
(e.g.. acetone cyanohydrin 
or potassium cyanide; 



le (R 6 = OH) 



19a 



10 



Esters of Formula 19 or amides of Formula 19a can be prepared by reacting a 
hydroxypyrazole of Formula 20 with an acid chloride of Formula 5 in the presence of 
a slight mole excess of a base such as triethylamine in an inert organic solvent such as 
acetonitrile, methylene chloride or toluene at temperatures between 0 °C and 1 10 ~C 
(Scheme 19). This type of coupling is carried out by methods known in the art (or by 
slight modification of these methods ): for example, see W. J. Michaely, EP 369,803. 



Scheme 19 



15 




20 



base 

(e.g.. tneihylumine ) 



19 or 1 9a 



Compounds of General Formula If can be readily prepared by one skilled in the 
art by using the reactions and techniques described in Schemes 20-23 of this section. 
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Scheme 20 illustrates the preparation of compounds of Formula If whereby a 
compound of Formula 21 is reacted with a salt of hydroxylaminc such as hydroxylamine 
5 hydrochloride in the presence of a base or acid acceptor such as triethylamine or sodium 
acetate. The substituents of the immediate products may be further modified if 
appropriate. This cyclization is carried out by methods known in the art (or by slight 
modification of these methods): for example, see P. A. Cain, el al., EP 560,483; C. J. 
Pearson, et ah, EP 636,622. 

10 

Scheme 20 




Ii 



21 

wherein 

L is a leaving group such as C j-C^alkoxy (e.<:. OC-1H5) 
or A'..V-dialkylamino (e.g. dimethyl amino) 

R l0a is H. Co-C f - aikoxycarbonvl. C 2 -C 6 huioalkoxycarbonyl or CONH 2 



Scheme 21 illustrates the preparation of compounds of Formula 21 whereby a 
compound of Formula 22 is reacted with a reagent of Formula 23 or Formula 24. This 
conversion is carried out by methods known in the an (or by slight modification of these 
methods): for example, see P. A. Cain, et ah, EP 560.483; C. J. Pearson, et ah. 
EP 636,622. 
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Scheme 22 illustrates the preparation of compounds of Formula 22 whereby a 
ester of Formula 25 is clecarboxylated in the presence of a catalyst, such as 
5 /Molucnesulfonic acid, in an inert solvent such as toluene. This conversion is carried out 
hy methods known in the art (or by slight modification of these methods'): for example, 
see P. A. Cain, et al.. EP 560,483; C. J. Pearson, et ai.. EP 636,622. 



Scheme 22 




[ p /'-toluene sulfonic acid 
toluene 



25 

10 

Esters of Formula 25 can be prepared by reacting the metal salt of a compound 
of Formula 26 with an acid chloride of Formula 5 (Scheme 23). This type of coupling is 
known in the art: for example see P. A. Cain, et al.. EP 560,483; C. J Pearson, et al.. 
EP 636,622. 

15 

Scheme 23 

o o 




26 



Scheme 24 illustrates the preparation of compounds of Formula Ig whereby a 
compound of Formula 5 is reacted with a compound of Formula 27 in the presence of a 
20 base such as triethylamine, potassium carbonate, sodium hydride or Mg(OEt'H in an 



BNSDOCID: <WO 9719067A1J_> 



WO 97/19087 



27 



PCT/US96/18381 



inert organic solvent such as diethyl ether, tetrahydrufurun, AOV-dimcthylformamide, 
dichloromethane or acetonitrile. 




5 

This conversion is carried out by methods known in the art (or slight modification 
of these methods); for example, see J. W. Ashmorc, HP 213,892 and P. A Cain. EP 
. 496,631 A I. 



Scheme 24 
O 




It is recognized that some reagents and reaction conditions described above for 
preparing compounds of Formula I may not be compatible with certain functionalities 
present in the intermediates. In these instances, the incorporation of 

15 protection/deprotection sequences or functional group interconvcrsions into the 
synthesis will aid in obtaining the desired products. The use and choice of the 
protecting groups will be apparent to one skilled in chemical synthesis (see, for 
example, Greene. T. W.; Wuts. P. G. M. Protective Groups in Organic Synthesis, 2nd 
ed.; Wiley: New York, 1991). One skilled in the art will recognize that, in some cases. 

20 after the introduction of a given reagent as it is depicted in any individual scheme, it 

may be necessary to perform additional routine synthetic steps not described in detail to 
complete the synthesis of compounds of Formula I. 

One skilled in the art will also recognize that compounds of Formula I and the 
intermediates described herein can be subjected to various elecirophilic. nucleophilic, 

25 radical, organometallic, oxidation, and reduction reactions to add substitucnts or modify 
existing substituents. 

Without further elaboration, it is believed that one skilled in the art using the 
preceding description can utilize the present invention to its fullest extent. The 
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following Examples are, therefore, to be construed as merely illustrative, and not 
limiting of the disclosure in any way whatsoever. Percentages are by weight except ior 
chromatographic solvent mixtures or where otherwise indicated. Parts and percentages 
for chromatographic solvent mixtures are by volume unless otherwise indicated. 
5 l ll NMR spectra are reported in ppm downficld from tctramcthylsilane; s = singlet, 
d = doublet, t = triplet, q = quartet, m = multiplct. 

Example 1 

Step A: Preparation of 34(2,5-dimeth\dphenvlnhiolpropanoic acid 

43.4 g (1 .086 mol) of sodium hydroxide was added to 230 mL of water. 75.0 g 

10 (0.543 mol) of 2,5-dimethylthiophenol (purchased from Aldrich Chemical Company) 
was then added and the mixture was cooled to about 10 °C. 91 .30 g (0.597 mol) of 
3-bromopropionic acid (purchased from Aldrich Chemical Company) was added in 
portions keeping the temperature below 25 °C. The mixture was warmed to room 
temperature, stirred for 2 hr under nitrogen, and was then washed with diethyl ether 

15 (3 x 500 mL}. The aqueous layer was acidified with IN HC1 and filtered to yield 
I 12.79 g of the title compound of Step A as a solid melting at 97-98 C C. l \ l NMR 
(CDCh): 8 2.3 (s,3H). 2.34 (s.3H), 2.68 (t,2H). 3.1 <t,2H>. 6.9 f.cUH). 7.06-7.14 
(m.2H). 

Step B: Preparation of 2.3-dihydro-5.8-dimethv l -4rt- 1 -henzothiopvr an-4-one . 

20 530 mL of concentrated sulfuric acid was added to 24.91 g (0.1 19 mol) of the 

title compound of Step A while being cooled with an acetone/ice bath. The ice bath was 
removed, the mixture stirred for 1 hi and was then poured over crushed ice. The 
aqueous layer was extracted with a 1 : 9 mixture of diethyl ether : hexane (6 x 500 mL), 
dried (MgS04), filtered, and evaporated to dryness to yield 1 1.75 g of the title 

25 compound of Step B as an oil. *H NMR (CDCh): 5 2.3 (s.3H), 2.6 is.3H), 
2.97 (m,2H), 3.2 (m,2H), 6.9-7.1 (m.2H). 

Step C: Preparation of 6-bromo-2.3-dihvdro-5.8-dimcthv l-4//- 1 -bcnzothiopvran-4- 
one 

A solution of 4.07 g (0.021 mol) of the title compound of Step B in 25 mL of 
30 methylene chloride was added dropwisc to a mixture of 7.07 g (0.053 mol) of aluminum 
chloride (purchased from Aldrich Chemical Company) and 25 mL of methylene 
chloride. The suspension was stirred for approximately 15 minutes, ! .14 mL 
(0.022 mol) of bromine ( purchased from Janssen) was added dropwisc and the mixture 
was refluxcd for 10 minutes. The hot mixture was poured into 10 mL of concentrated 
35 hydrochloric acid containing 75 g of ice. stirred for 10 minutes, diluted with 50 mL of 
water, and extracted with diethyl ether (2 x 200 mL). The organic layer was washed 
with water (2 x 200 mL), dried (Na^SO^ filtered and evaporated to dryness. The crude 
product was chromatographed over silica gel eluting with ethyl acetate : hexane (59r : 
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957c) to yield 2.62 g of ihc title compound of Step C as a solid melting at 87-88 l, C. 
l H NMR (CDC1 3 ): 5 2.3 (s,3H), 2.6 (s,3H), 3.0 (m ? 2H), 3.2 (m.2H). 7.45 (s.lll). 
Step D: Preparation of 6-brom()-3-ffdimethvlamino)methylencl-2.3-dihvdro-5,8- 
dimethvl-4//-l -benzothiopvran-4-one 
5 20.0 g (0.074 mole) of the title compound of Step C and 100 mL of 

A^A'-dimethylformamide dimethyl acetal (purchased from Aldrich Chemical Company) 
were stirred under nitrogen at reflux overnight. The mixture was concentrated, the 
residue was stirred in water, and filtered. The solid was dissolved in methylene 
chlorfdc, dried (MgSOa). filtered, and evaporated to dryness to yield 21.54 g of the title 
10 compound of Step D as an oil. 1 H NMR (CDCI3): 5 2.49 (s,3H), 2.56 (s.3H). 3. 1 6 
(s.6H). 3.86 (s,2H), 7.34 (s,lH), 7.57 (sJH). 

Step E: Preparation of 8-hromo-2 < 4-dihvdro-2,6,9-triniethyirnbenzothiopvrano|4,3 - 
clpvrazole 

4.53 mL (0.085 mol) of methyl hydrazine (purchased from Aldrich Chemical 
1 5 Company ) was added dropwise to a mixture of 2 1 .54 g (0.066 mol) of the title 

compound of Step D in 115 mL of ethanol. The mixture was stirred at reflux under 
nitrogen for 5 hr and was then evaporated to dryness. The crude product was 
chromatographed over silica gel eluting with a mixture of ( I : 9) ethyl acetate : hexanc 
to yield two components. Concentration of the major fraction yielded 14.72 g of the 
20 title compound of Step E as an oil; 'H NMR (CDCh): 5 2.3 ts,3H). 2.82 (s,3H), 3.76 
<s,2H), 3.9 (s.3H), 7.2 (s, 1H), 7.3 (s.lH). Concentration of the minor fraction yielded 
3.87 g of the isomer 8-brorno-l ,4-dihydro- L6, 9-tnmethyl[ l]bcnzothiopyrano[4, 3- 
cjpyrazole as an oil; >H NMR (CDCI3): 5 2.3 (s,3H), 2.46 (s,3H), 3.75 (s,3H), 3.59 and 
3.81 (2d,2H), 7.4 (s,lH), 7.45 (s,lH). 
25 Step F: Preparation of 2,4-dihydro-2. 6.9 -trimethvir 1 1benzothiopvrano|4.3-rlpvrazo ]e- 
8-carboxylic acid 

3.73 mL (0.050 mol) of bromoethanc (purchased from Aldrich Chemical 
Company) was added dropwise to a mixture of 2. 1 1 g (0.088 mol) of magnesium in 
70 mL of tctrahydrofuran. After stirring for 10 minutes, a solution of 7.77 g (0.025 mol) 

30 of the title compound of Step E in 100 mL of tctrahydrofuran was added dropwise and 
the mixture stirred at reflux under nitrogen overnight. After cooling to room 
temperature, carbon dioxide was bubbled into the mixture for 1 hr keeping the 
temperature below 20 °C. 55 mL of 10% hydrochloric acid was added dropwise and the 
Resulting mixture was allowed to stir for 5 hr at room temperature. The mixture was 

35 evaporated to dryness, extracted with ethyl acetate (3 x 250 mL), dried (Na2S0 4 ), 

filtered, and evaporated to dryness. The residue was triturated in hcxane, the hexane 
was decanted, and the residue was dissolved in 1M sodium carbonate. The aqueous 
solution was extracted with diethyl ether (3 x 200 mL), acidified with concentrated 
hydrochloric acid, and extracted with diethyl ether (3 x 300 mL.i. The combined organic 
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layers were dried (MgSC>4) ; filtered, and evaporated to dryness to yield 2.55 g of the 
title compound of Step F as a solid melting at 195 °C (decomposed). ] H NMR 
(iVle 2 SO-J 6 ): 5 23 (s. 3H), 2.77 (s,3H), 3.89 (m,5H), 7.4 (s.lH), 7.6 (s,lH). 
Step G: Preparation of 2,4-dihvdro-2.6,9-trimethvll 1 lbenzothiopvran[4,3-dpvrazole- 
8-carboxvlic acid 5,5-dioxidc 
6.70 rnL (0.066 mol) of hydrogen peroxide (35%) was added to 50 mL of 
trifluoroacetic acid, and allowed to stir under nitrogen for 30 minutes. The solution was 
cooled to about 0 °C and 4.46 g (0.016 mol) of the title compound of Step F was added 
in portions while keeping the temperature below 15 °C The mixture stirred at room 
temperature overnight and then 2 mL of methyl sulfide was added to the mixture. The 
resulting mixture was allowed to stir for 15 minutes and was then evaporated to dryness. 
The residue was triturated in a mixture of diethyl ether : hexane (8 : 2), allowed to stand 
overnight, and the organic mixture was decanted. The residue was triturated in water, 
and an orange solid was removed. The orange solid was dissolved in 250 mL of 
chloroform, dried (MgSOa), filtered, and evaporated to dryness to yield a portion of the 
title compound of Step G. The diethyl ether : hexane (8 : 2) decant was concentrated, 
the residue was triturated in water, and the water was decanted. The residue was 
dissolved in chloroform, dried (MgS0 4 ), filtered, and evaporated to dryness to yield the 
title compound of Step G. The two products were combined to yield 3.62 g of the title 
0 compound of Step G as a semi-solid. Ul NMR (Me 2 SO-</ 6 ): 5 2.63 (s,3H), 2.7 (s.3H), 
3.9 (s,3H), 4.7 (s,2H), 7.5 (sJH), 7.8 (s.lH). 

Step H: Preparation of 3-oxo-l-cyicohexen-l-vl 2,4-dihvdro-2,6 < 9- 

trimethyinihenzothiopvrano[4,3-clpvrazole-8-carboxvlatc 5.5-dioxide 
3.62 g (0.01 18 mol) of the title compound of Step G. 3.09 inL (0.035 mol) of 

5 oxalyl chloride (purchase from Janssen), and 2 drops of M/V-dimethylformamide were 
added to 50 mL of methylene chloride. The mixture was rcfluxed under nitrogen for 
2 hr, and was then evaporated to dryness. 50 mL of methylene chloride was added to 
the residue and was then evaporated to dryness. Another 50 mL of methylene chloride 
was added to the residue, and the solution was cooled to about 0 C C. 1 .46 g (0.013 mol) 

0 of 1,3-cyclohexanedione (purchased from Aldrich Chemical Company) was added 
followed by 5.1 mL (0.0366 mol) of tncthylamine, and the mixture was stirred 
overnight while warming to room temperature. The mixture was evaporated to dryness, 
and the crude product was chromatographed over silica gel cluting with a mixture ot 
methylene chloride : diethyl ether (9 : 1 ) to yield 1 .53 g of the title compound of Step H 

5 as a solid melting at 158-160 °C 1 H NMR (CDCI3): 5 2.2 fm.2H), 2.5 (m,2H). 

2.7 (m,2H), 2.78 (s,3H), 2.9 (s,3H), 3.99 (s.3H>. 4.39 (s.2H), 6. 1 (s.IHj. 7.5 (sJH). 7.6 
(sJH). 
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Step I: Preparation of 2-1 f 2.4-dihvdro-2,6 ,9-trimcthvll ribenzothio p vranol4,3- 
clpyrazol-S-vl icarhonyl]- 1 ,3-cyclohexancdione 5,,V-dioxide 
1 .44 g (0.0036 mol) of the title compound of Step H, 2 drops of acetone 
cyanohydrin (purchased from Aldrich Chemical Company), and 0.88 mL (0.0063 moll 
5 of triethylamine were added to 100 ml of acetonitrile and the mixture was allowed to 
stir overnight at room temperature under nitrogen. About 0. 10 g of potassium cyanide 
was added to the mixture, and the mixture was stirred for 1 nr. The mixture was 
evaporated to dryness and water was added to the residue. The mixture was acidified to 
pH 1 with concentrated hydrochloric acid and then filtered to provide the crude product. 
10 The crude product was dissolved in methylene chloride and the solution was dried 

( MgSC>4), filtered, and evaporated to dryness to yield 0.79 g of the title compound of 
Step I, a compound of the invention, as a solid melting at 228 "C (dec.}. ! H NMR 
(CDC1 3 ): 5 1.96 (m,2H), 2.4 (m.2H). 2.48 (s,3H), 2.6 fs,3H). 2.7 (m,2H). 3.8 (s,3H). 
4.27 (s.2H). 6.8 (s.lHh 7.3 (s.lH). 
1 5 Example 2 

Step A: . Preparation of 1 ,4-dihydro- 1 .6.9-trimcthvir 1 1henzothiopyrano|4. 3-rl pyrazolc- 
S-carhoxvlic acid 

6.74 g (0.021 mol) of 8-bromo- 1 .4-dthydro- 1 ,6.9-tnmethyl[ 1 |benzo- 
thiopyrano[4,3-r:]pyrazole (from Example 1, Step E) was added to 150 rnL of . 

20 tetrahydrofuran and cooled to -70 °C. 10.4 ml. (0.026 mol) of 2.5 M //-butylliihiurn in 
hexanes (purchased from Aldrich Chemical Company) was added dropwise keeping the 
temperature below -60 °C After stirring for 10 minutes, carbon dioxide was bubbled 
into the mixture for 1 hr. The mixture warmed to room temperature, 200 mL of hcxanc 
was added, and then the mixture was filtered. The solid was added to 300 mL of water. 

25 acidified to about pi I 1 with concentrated hydrochloric acid and then filtered. The 
filtered residue was dissolved in chloroform and the solution was dried (MgSOjtJ, 
filtered and evaporated to dryness to yield 4.02 g of the title compound of Step A as a 
solid melting at >230 °C. 'H NMR (CDCh): 5 2.4 (s,3H). 2.7 (s,3Hh 3.77 (s,3Hh 3.67 
and 3.88 (2d,2H). 7.48 (s,lH), 7.88 (sTH). 

30 Step R : Pre paration of 1 ,4-dihvdro- 1 ,6,9-trimcthvlf 1 lben?. oth iopvrano[4,3-c'lpvra zole- 
8-carhoxyli c acid 5,5-dioxide 
5.8 mL (0.0598 mol) of 35% hydrogen peroxide was added to 50 mL of 
trifluoroacetic acid and the mixture was allowed to stir under nitrogen for 30 minutes. 
. The solution was cooled to about 0 °C, 4.0 g (0.0145 mol) of the title compound of 

35 Step A was added in portions while keeping the temperature below 15 5 C, the mixture 
was then stirred at room temperature for 2 days. 2 mL of methyl sulfide was added to 
the mixture. The mixture was allowed to stir for 15 minutes and was then evaporated to 
dryness. The residue was stirred in a diethyl ether : hexane (8 : 2) mixture for 30 
minutes and- filtered to yield approximately 6.0 g of the title compound of Step B as a 
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solid melting at >210°C. l H NN4R (Me 2 SO-</<$): 5 2.5(s,3H), 2.63 (s. 3H). 3.7 (s. 3H), 
4.7 (m, 2H), 7.68 (s.lH), 7.8 (s, 1H). 

Step C: Preparation of 3-oxo- 1-cvclohexen-l -vl l^-dihvdro-l^^- 

trimethvl[llbcnzothiopvrano[4,3-clpvrazole-8-carboxvlate 5.5-dioxide 

5 2.0 g (0.0065 mol) of the title compound of Step B, 1.7] rnL (0.0196 mol) of 

oxalyl chloride (purchase from Janssen), and 2 drops of M/V-dimcthylformaiuide were 
added to 50 mL of methylene chloride. The mixture was refluxed under nitrogen for 2 h 
and was then evaporated to dryness. 50 mL of methylene chloride was added to the 
residue and it was then evaporated to dryness. Another 50 mL of methylene chloride 

10 was added to the residue and the solution was cooled to about 0 D C. 0.80 g 

(0.0071 mol) of L3-cyclohexanedione (purchased from Aldrich Chemical Company) 
was added followed by 2.8 mL (0.020 mol) of triethylaminc. and the mixture was stirred 
for 3 days while warming to room temperature. The mixture was evaporated to dryness 
and the crude product was chromatographed over silica gel cluting with a mixture of 

15 ethyl acetate : hexane (6 : 4) to yield 0.S6 g of the title compound of Step C as a solid 
melting at 196 °C (decomposed). >H NMR (CDCI3): 8 2.2fm.2H), 2> (m.2H), 2.64 
(s,3H), 2.7 (m,2H), 2.8 (s,3H), 3.8 (s,3H), 4.3 and 4.4 (2d, 2H), 6.06 (.OH), 7.65 (sJH), 
7.94 (s,lH). 

Step D: Preparation of 2-[( 1 .4 dihvdro- 1,6,9-trimethvlf 1 lbenzothiopvrano[4,3- 
20 clpvrazol-8-vl)carbonyl 1- 1 ,3-cvclohexanedione 5.5-dioxide 

0.80 g (0.0020 mol) of the title compound of Step C, 2 drops of acetone 
cyanohydrin (purchased from Aldrich Chemical Company ), and 0.49 niL (0.0035 mol) 
of triethylamine were added to 100 mL of acetonitrile and the mixture was allowed to 
stir overnight at room temperature under nitrogen. The mixture was evaporated to 
25 dryness and water was added to the residue. The resulting mixture was acidified to 

pH i with concentrated hydrochloric acid and filtered to provide the crude product. The 
crude product was dissolved in methylene chloride and the solution was dried (\lgSO4h 
filtered and evaporated to dryness to yield 0.47 g of the title compound of Step D t a 
compound of the invention, as a solid melting at >220 °C. *H NMR (CDCh): 5 2.1 
30 (m,2H), 2.3 (s,3H), 2.6-2.76 (m,7H), 3.8 (s,3H), 4.2-4.4 (m,2H), 6.9S-7.6 (2H). 

Example 3 

Step A: Preparation of 1 -ethyl- lH-pvrazol-5-yl L4-dihydro- 1,6,9- 

trimethyll 1 1benzothiopyrano|4,3-clpyrazole-8-carboxvlate 5,5-diox ide 
2.0 g (0.0065 mol) of the title compound of Step B in Example 2, 1.71 mL 
35 (0.0196 mol) of oxalyl chloride (purchase from Janssen), and 2 drops of 

i-V./V-dimethylformamidc were added to 50 mL of methylene chloride. The mixture was 
refluxed under nitrogen for 2 h and was then evaporated to dryness. 50 mL of 
methylene chloride was added to the residue and it was evaporated to dryness. Another 
50 mL of methylene chloride was added to the residue and the solution was cooled to 
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about 0 °C 0.80 g (0.0071 moi) of l-ethyl-lW-pyrazol-5-ol was added followed by 
2.8 mL (0.020 moi) of triethylamine, and the mixture was stirred for 3 days while 
warming to room temperature. The mixture was evaporated to dryness and the crude 
product was chromatographed over silica gel eluting with a mixture of ethyl acetate : 
5 hexanc (6 : 4) to yield 0.40 g of the title compound of Step A as a solid melting at 
173-175°C 'HNMR (CDC1 3 ): 8 1 .5 (t,3H), 2.7 (s,3H), 2 .8 (s,3H), 3.8 (s,3H ), 
4. 1 (q,2H), 4.3 and 4.4 (2d,2H), 6.2-8.0 (4H). 

Step B : Preparation of (l,4-dihvdro-1.6,9-trimcthyiri1henzothiopvrano[4,3-dpyrazol- 
8-yl) ( 1 -ethyl-5-hvdroxy- 1 //-pyrazol-4-yl Imethanone 5,5-dioxide 
10 0.38 g (0.95 mmol) of the title compound of Step A, 1 drop of acetone 

cyanohydrin (purchased from Aldrich Chemical Company), and 0.23 mL (1.66 mmol) 

of triethylamine were added to 50 mL of acetonitrile and the mixture was allowed to stir 

at room temperature under nitrogen overnight. The mixture was evaporated to dryness 
. and water was added to the residue. The resulting mixture was acidified to pH 1 with 
15 concentrated hydrochloric acid and filtered to yield 0.12 g of the title compound of 

Step B r a compound of the invention, as a solid melting at 96 °C (decomposed). 

1 II NMR (CDCI3): 8 1 .5 (OH), 2.60 (s,3H), 2.76 (s,3H), 3.83 (s.3H), 4.0-4.4 (m,4H), 

7.4-7.8 <m,3H). 

Example 4 

20 Step A : Preparation of 3-f(4-bromo-2,5-dimethvlphenvi)thio1propanoic acid 

25.23 g (0.12 moi) of the title compound of Example 1, Step A was dissolved in 
250 mL of dichloromethane and cooled to 5 C C A solution of 19. 1 2 g (0. 12 moi } of 
bromine in 25 mL of dichloromethane was added dropwise over 45 minutes, keeping 
the reaction temperature at 5 °C. The reaction was then allowed to warm to room 

25 temperature, diluted with 200 mL of dichloromethane and washed twice with 400 mL of 
water. The organice layer was separated, dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure to yield 34.35 g of the title compound of step A lis 
a white solid melting at 105-107 °C. ] II NMR (CDCI3): 5 2.33 (s,3H), 2.34 (s. 3H), 
2.67 (1, 2H), 3.10 (t, 2H), 7. 1 8 (s, 1 H\ 7.36 (s, IHJ. 

30 Step B : Preparation of 6-bromo-23-dihvdro-5.8-dimethy 1-4//- 1 -ben7.othiopyran-4- 
one 

19.50 g (67.4 mmol) of the title compound of Step A was dissolved in 156 mL 
of dichloromethan and cooled to 5 °C. 78 mL of concentrated sulfuric acid was added 
dropwise over 45 minutes with vigorous stirring and the reaction was then allowed to 
3^ stir at 5 °C for 1 .5 hours. The reaction was poured into 500 niL of ice water, the layers 
were separated and the aqueous phase extracted twice with 300 mL of dichloromethane. 
The combined organic layers were washed twice with 1.0 N NaOH. once with water, 
dried over magnesium sulfate and concentrated under reduced pressure to yield 16.04 g 
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of the title compound of Step B as a yellow solid melting at 86-87 °C. 1 H NMR 
(CDCI3): 5 2.26 (s, 3H), 2.59 (s, 3H), 3.00 (t, 2H), 3.19 (1, 2HK 7.45 (s. 1H). 
Step C : Preparation of 8-bromo-2.4-dihvdro-6,9-dimcthvin 1bcnzothiopyrano(4,3- 
clpyrazole 

5 2.80 g (10 mmol) of the title compound of Step B and 1.79 gf 15 mmolj of /V,A'- 

dimethylformamide dimethyl acetal were dissolved in 16 mL of ethyl acetate and heated 
to reflux. The methanol/ethyl acetate mixture was removed via a Dean Stark trap and 
was replaced with fresh ethyl acetate. After heating to reflux for 4 hours, the reaction 
was cooled to room temperature and allowed to stand overnight. It was then reluxed 

10 further for 2 hours, cooled to 60 °C. and 0.75 g (15 mmol) of hydrazine monohydrate 

was added. The reaction was reheated to reflux for 1 hour, cooled to room temperature, 
and diluted to 100 mL with ethyl acetate. The organic phase was washed twice with 
100 mL of water, dried over magnesium sulfate, and concentrated under reduced 
pressure to yield 3.10 g of an oily yellow solid. This solide was triturated with hexanes, 

15 collected by filtration, washed further with hexanes, and dried to yield 2-79 g of the title 
compound of Step C as a pale yellow solid melting at 162-164 °C. ] H NMR (CDCI3): 
8 2.34 (s, 3H), 2.79 is. 3H), 3.84 (s, 2H), 7,35 (s, 1 H), 7.46 (s, 1 II), 10.4 (br s). 
Step D : Preparation of 8-bromo-2-ethyl-2.4-dihydro-6 t 9- 
dimethvlf 1 lbenzothiopvrano[4.3-clpvrazole 

20 A mixture of 6.09 g (20 mmol) of the title compound of Step C, 1 .52 g (23 

mmol) of potassium hydroxide, 0.3 1 g (5% by weight of the title compound of Step C) 
of tetrabutylammonium hydrogen sulfate, 25 mL of toluene, and 25 mL of water was 
stirred fo 15 minutes at room temperature. 3.85 g (25 mmol) of diethyl sulfate was 
added and the reaction stirred vigorously for 6.5 hours. The reaction was then diluted 

25 with 250 mL of ethyl acetate, washed twice with 100 mL of 1 .0 N HCl. once with brine, 
dried over magnesium sulfate and concentrated under reduced pressure. The crude oi! 
was dissolved in 300 mL of methanol, 3 mL of a 25% sodium methoxide/methanol 
solution was added and the resulting solution was concentrated at 60 C C under reduced 
pressure. The mixture was then redissolved in diethyl ether and 1 ,0 N HCl, the layers 

30 were separated, and the organic phase was washed with brine, dried over magnesium 
sulfate, and concentrated under reduced pressure to yield 6.50 g of a reddish oil. GC 
analysis showed a ratio of approximately 10: 1 of the title compound of Step D to the 1- 
ethyl isomer. *H NMR (CDCI3): 5 1.52 (1, 3H), 2.32 (s, 3H), 2.83 (s, 3H), 3.77 <s, 2H). 
4.18(q,2H), 7.23 (s, 1H), 7.30 (s, 1H). 

35 Step E : Preparation of 8-bromo-2-ethvl-2,4-dihvdro-6,9- 

dimethvUl lhenzothiopvrano|4.3-c1pvrazole 5,5-dioxide 
6.42 g (approximately 17 mmol) of the crude title compound of Step D, 32 mL 
of glacial acetic acid, and 12 drops of concentrated sulfuric acid were heated to 70 °C. 
The heat source was removed and 7.76 g (80 mmol) of 35% aqueous hydrogen peroxide 
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was added dropwise over 15 minutes, keeping the reaction temperature at about 70 °C. 
Alter 1 hour at 73-74 °C, the reaction was cooled to room temperature, poured into 400 
mL of ethyl acetate ; washed with 400 mL of water, 400 mL of aqueous sodium mcia- 
bisulfite, aqueous sodium bicarbonate, and brine. A check lor peroxides with starch- 
5 iodide paper was negative. The organic phase was dried over magnesium sulfate and 
concentrated under reduced pressure to yield 6.90 g of a yellow solid. This solid was 
dissolved in 100 nnL of dichloromethane and rinsed through a one inch bed of silica gel 
which was further rinsed with one liter of dichloromethane. The combined rinses were 
concentrated under reduced pressure to yield 5.70 g of the title compound of Step E as 

10 an off-white solid melting at 138-141 °C. l U NMR (CDCI3): 5 1.54 u. 3H), 2.70 (s, 
3Hh 2.85 (s, 3H), 4.22 (q, 2H), 4.35 (s, 2H), 7.44 (s, 1H) ; 7.50 (s, 1 H). 
Step F : Preparation of 2-ethyl-2.4-dihvdro-6,9-dimethvin 1benzothiopvrano|4,3- 
clpvrazole-8-carhonitrile 5.5-dioxidc 
3.00 g (8 mmolj of the title compound of Step E, 1.07 g (12 mmoli of copper ( I) 

15 cyanide, and 50 mL of /V./V-di methyl for mamidc were heated to reflux fo 5.5 hours and 
then let stir at room temperature overnight. The reaction was then diluted with 300 mL 
of ethyl acetate, washed twice with 200 mL of a solution of 50% saturated ammonium 
chloride in water with 20 mL of 35% ammonium hydroxide added, washed twice with 
300 mL of water, dried over magnesium sulfate and concentrated under reduced 

20 pressure to yield 2.50 g of a tan solid. This solid was dissolved in 50 mL of 

dichloromethane and rinsed through a one inch bed of silica gel, which was further 
rinsed with 500 mL of dichloromethane and then 200 mL of 10% ethyl 
acetate:dichloromethane. The rinses were separately concentrated under reduced 
pressure. The dichloromethane rinse yielded 2.3 1 g of the title compound of Step F as 

25 an off-white solid melting at 185-187 "C. lH NMR (CDCI3): 5 1.53 (t, 3H). 2.35 <s, 
3H). 2.92 (s, 3H), 3.86 (s, 2Hh 4/20 (q, 2H), 7.26 (s, 1H), 7.27 (s, 1H). 
Step G : Preparation of 2-ethyl-2.4-dihvdro-6,9-dimethvl[ 1 lbcnzothiopvrano|4,3- 
clpyrazole-8-carboxylic acid 5,5-dioxide 
LOO g (3.2 mmol) of the title compound of Step F, 2 mL of water, and 6 mL of 

30 sulfuric acid were heated to 140 °C for one hour. The reaction was allowed to cool to 
60 (, C and 0.25 g of sodium nitrite in 1 mL of water was added dropwise over 30 
minutes and stirring was continued for another 30 minutes. The reaction was allowed to 
cooi to room temperature, poured into 25 mL of ice water and the resulting solid was 
isolated by filtration and washed with 5 mL of cold water. Drying overnight yielded 

35 L02 g of a tan solid. The aqueous filtrate was extracted three times w ith 50 mL of 

dichloromethane and the organic phases were combined, dried over magnesium sulfate 
and concentrated under reduced pressure to yield 0.36 g of a brown oil. This oil and the 
isolated solid were dissolved in 50 mL of 1.0 N sodium hydroxide, washed with 25 mL 
of diethyl ether, acidified with concentrated HC1, and extracted four times with 50 mL 
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of ethyl acetate. The combined organic layers were dried over magnesium sulfate and 
concentrated under reduced pressure to yield 0.98 g of the title compound of Step G as a 
tan solid melting at 204-206 °C. >H NMR (CDCh): 5 1.53 (t, 3Hh 2.3S ts. 3H:. 199 (s. 
3H), 3.83 (s, 2H), 4.21 (q, 2H), 7.26 (s, 1H), 7.68 (s, 1H). 

5 Step H: Preparation of 3-oxo- 1 -cvclohexen- 1 -vl 2-eihvl-2.4-dihvdro-6 1 9- 

dimethYl[Hbenzothiopvranof4,3-c]pvraz o le-8-carhoxvlate 5 . 5-dioxidc 
6.0 g (0.019 mol) of the title compound of Step G, 4.9 mL (0.056 mol) of oxalyl 
chloride (purchase from Janssen), and 2 drops of A^V-dimethylformamide were added to 
50 mL of methylene chloride. The mixture was refluxed under nitrogen for 2 hr and 

10 was evaporated to dryness. 50 mL of methylene chloride was added to the residue and it 
was evaporated to dryness. Another 50 mL of methylene chloride was added to the 
residue and the solution was cooled to about 0 °C. 2.3 1 g (0.02 1 mol) of 
1 ,3-cyclohexanedione (purchased from Aldrich Chemical Company ) was added 
followed by 8.1 mL (0.058 mol) of triethylamine and the mixture was stirred overnight 

15 while warming to room temperature. The mixture was evaporated to dryness and the 
crude product was chromatographed over silica gel cluting with a mixture of ethyl 
acetate : hexane (6 : 4) to yield 1.78 g of the title compound of Step H as a solid melting 
at 160-162 °C. >H NMR (CDCh): 5 1.6(t.3H), 2.2 (m.2H). 2.5 (m.2H). 2.7<m,2H). 
2.8 (s,3H), 2.9 <s,3H), 4.2 (q,2H), 4.4 (m t 2H), 6.07 (s,lH), 7.46-7.6 (m,2H>. 

20 Step (: Preparation of 2-[(2-ethvl-2,4-dihvdro-6,9-dimethyU l] beiuothiopvrano[4,3- 
dpvrazol-8-vT)carbonyIl-h3-cvclohcxanedione S.S-dioxide 
1 .70 g (0.004 1 mol) of the title compound of Step H, 2 drops of acetone 
cyanohydrin (purchased from Aldrich Chemical Company), and 1.0 mL (0.0072 mol) of 
triethylamine were added to 100 mL of aceionitrile and the mixture was allowed to stir 

25 at room temperature under nitrogen overnight. About 0.05 g of potassium cyanide was 
then added to the mixture and it was stirred for 4 h. The mixture was evaporated to 
dryness and water was added to the residue. The resulting mixture was acidified to 
pH 1 with concentrated hydrochloric acid and filtered to yield 1.51 g of the title 
compound of Step I, a compound of the invention, as a solid melting at 205 °C 

30 (decomposed). >H NMR (CDCh): 5 1.5 (t,3H). 2.06 (m,2H), 2.5 (m,2H), 2.6 (m,2H), 
2.7 (s,3H), 2.8 (m,2H), 4.2 (q,2H). 4.4 (m,2H), 6.9-7.4 <m,2H). 

Example 5 

Step A: Preparation of 1 -ethyl- l/7-pvrazol-5-yl 2-ethyl-2.4-dihydro-6.9- 

dimethylf 1 1benzothiopvrano|4 t 3-r1pvrazole-8-carboxvlate 5.5-dioxide 
35 5.9 g (0.018 mol) of the title compound of Step G in Example 4, 4.8 mL 

(0.055 mol) of oxalyl chloride (purchase from Janssen), and 2 drops of 
A\/V-dimethylformamide were added to 50 mL of methylene chloride. The mixture was 
refluxed under nitrogen for 2 h and was then evaporated to dryness. 50 mL of 
methylene chloride was added to the residue and it was evaporated to dryness. 
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Another 50 mL of methylene chloride was added to the residue and the solution was 
cooled to about 0 C C 2.48 g (0.022 mo!) of 1 -ethyl- l/Y-pyrazol-5-ol was added followed 
by 7.97 niL (0.057 mol) of triethylamine, and the mixture was stirred overnight while 
warming to room temperature. The mixture was evaporated to dryness and the crude 
5 product was chromatographed over silica gel eluting with a mixture of ethyl acetate : 
hcxane (6 : 4) to yield 0. 1 8 g of the title compound of Step A as a solid melting at 
137°C (decomposed). *H NMR {CDCI3): 8l.45(t.3H), 1.56 (t,3H), 2.8 (s,3H), 2.9 
<s,3H), 4. 1 (m,2H), 4.3 (m.2H), 4.4 (m,2H) ( 6.3-7.7 (m.4H). 

Step B: Preparation of (2-ethyl-2,4-dihydro-6,9-di methyl ri]ben/othiopvrano[ 4,3- 
1 0 dpyrazol-8-yl)( l-ethvl-5-hvdroxv-l//-pvrazol-4-yl)methanone S.S-dioxid e 

0. 1 8 g (0.43 mmol) of the title compound of Step A, 0.50 drops of acetone 
cyanohydrin (purchased from Aldrich Chemical Company), and 0.1 1 mL (0.76 mmol) 
of triethylamine were added to 25 mL of acetonitrile and the mixture was allowed to stir 
at room temperature under nitrogen overnight. About 0.05 g of potassium cyanide was 
15 added to the mixture and it was stirred for 4 h. About 0.03 g of potassium cyanide was 
then added and the mixture was allowed to stir for lh. The mixture was evaporated to 
dryness and water was added to the residue. The resulting nuxture was then acidified to 
pH 1 with concentrated hydrochloric acid, and filtered to yield 0. 1 1 g of the title 
compound of Step B, a compound of the invention, as a solid melting at 97 °C 
20 (decomposed). *H NMR (CDCh): 5 1.47 (t, 3H), 1.54 (u 3H), 2.7 is. 3Hh 2.8 (s, 3H), 
4. 1 (q, 2H), 4.2 (q. 2H), 4.4 (m, 2H). 7.2-7.45 (m,3H). 

Example 6 

Step A : Preparation of 1 -ff2,4-dihvdro-2,6,9-trimethyl[ 1 lbenzothiopvrano[4,3- 
c-1pyrazol-8-vi)carbonyll-2-ethvl-L2-dihvdro-3/y-pvrazol-3-one S,S~ 

25 dioxide 

4.0 g (0.013 mol j of the title compound of Step G in Example 1 , 3.42 mL 
(0.039 mol) of oxalyl chloride ( purchased from Janssen) and 2 drops .of A'./V- 
dimethylformamide were added to 50 mL of methylene chloride. The mixture was 
refluxed for 2 h and was then evaporated to dryness. 50 mL of methylene chloride w as 

30 added to the residue and it was evaporated to dryness. Another 50 mL of methylene 
chloride was added to the residue and the solution was cooled to about 0 °C. 1 .60 g 
(0.014 mol) of 1 -ethyl- l//-pyrazol-5-ol was added followed by 5.62 mL (0.040 mol) of 
triethylamine, and the mixture was stirred under nitrogen overnight while warming to 
room temperature. The mixture was evaporated to dryness and the crude product was 

35 chromatographed over silica gel eluting first with a mixture of ethyl acetate : hexane 
(7 : 3) and then with ethyl acetate to yield 1 .35 g of the title compound of Step A as a 
solid melting at >210 °C l H NMR (CDCI3): .5 7.45 (s, 1H). 7.2-7.35 (m. 2H). 5.74 id. 
1H), 4.4 (m, 4H), 3.98 (s, 3H), 2.78 (s, 3H), 2.7 is, 3H), 1 .3 (1, 3H). 
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Step B: Preparation of (2.4-dihvdro-2A9-tnmethvU 11benzothiopv ra no[4.3-i-lpvr azol- 
8-vU( l-ethvl"5-hydroxv-I//-pyrazol-4-vl)meihanone ^.V-d ioxide 
1.3 g (3.25 mmol) of the title compound of Step A, I drop of acetone cyanohydrin 
(purchased from Aldrich Chemical Company), and 0.79 mL (5.69 mmol) of 

5 tricthylamine were added to 25 mL of acetonitrilc and the mixture was allowed to stir at 
room temperature under nitrogen for 15 min. 0.06 g of potassium cyanide was then 
added and the mixture was allowed to stir at room temperature under nitrogen 
overnight. Another 0.03 g of potassium cyanide was added and the reaction mixture 
was allowed to stir at room temperature under nitrogen for another 3 days. The mixture 

10 was evaporated to dryness and water was added to the residue. The resulting mixture 
was acidified to pH 1 with concentrated hydrochloric acid and filtered. The solid 
collected was dissolved in methylene chloride and the resulting solution was dried over 
MgS0 4 and then concentrated to yield 0.48 g of the title compound of Step B. a 
compound of the invention, as a solid melting at 133 °C (decomposed*. l H NMR 

15 (\lt>SO-d 6 ): 5 7.86 (s, 1H), 7.32 (s, lHh 7.25 is. IH), 4.72 (s, 2HL 3.9-4.0 un. 5Hl 
2.64 (s. 3Hk 2.57 (s, 3H), 1.28 (t, 3H). 



BNSDOCID: <WO 9719087A1_L> 



WO 97/19087 



39 



PCT/US96/18381 



By the procedures described herein together with methods known in the art, the 
following compounds of Tables 1 to 18 can be prepared. The following abbreviation is 
used in the Tables which follow: Ph = phenyl. 
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Formulation/Utility 

Compounds of this invention will generally be used as a formulation or 
composition with an agriculturally suitable carrier comprising at least one of a liquid 
diluent, a solid diluent or a surfactant. The formulation or composition ingredients are 
5 selected to be consistent with the physical properties of the active ingredient, mode of 
application and environmental factors such as soil type, moisture and temperature. 
Useful formulations include liquids such as solutions (including emulsifiable 
concentrates), suspensions, emulsions (including microemulsions and/or 
suspoemulsions) and the like which optionally can be thickened into gels. Useful 

10 formulations further include solids such as dusts, powders, granules, pellets, tablets, 

films, and the like which can be water-dispersible (^enable") or water-soluble. Active 
ingredient can be (microencapsulated and further formed into a suspension or solid 
formulation; alternatively the entire formulation of active ingredient can be encapsulated 
(or ''ovcrcoated"). Encapsulation can control or delay release of the active ingredient. 

1? Sprayable formulations can be extended in suitable media and used at spray volumes 
from about one to several hundred liters per hectare. High-strength compositions are 
primarily used as intermediates for further formulation. 

The formulations will typically contain effective amounts of active ingredient, 
diluent and surfactant within the following approximate ranges which add up to 100 

20 percent by weight. 

Weight Percent 



Active 



In gredient Diluent Surfactant 

Water-Dispersible and Water-soluble 5-90 0-94 1-15 

Granules. Tablets and Powders. 

Suspensions- Emulsions, Solutions 5-50 4f)-^.*> 0-1^ 
(including Emulsifiable Concentrates) 

Dusts 1-25 70-99 0-5 

Granules and Pellets 0.01-99 5-99.99 U-15 

High Strength Compositions 90-99 0-10 0-2 

Typical solid diluents are described in Watkins, et al., Handbook of Insecticide 
Dust Diluents and Carriers, 2nd Ed.. Dorland Books, Caldwell, New Jersey. Typical 
liquid diluents are described in Marsden, Solvents Guide, 2nd Ed., Interscicncc, New 
York, 1950. McCutcheon 1 s Detergents and Emulsifiers Annual, Allured Publ. Corp.. 
Ridgewood, New Jersey, as well as Sisely and Wood, Encyclopedia of Surface Active 
Agents, Chemical Publ. Co., Inc., New York, 1964. list surfactants and recommended 
uses. All formulations can contain minor amounts of additives to reduce foam, caking, 
corrosion, microbiological growth and the like, or thickeners to increase viscosity. 
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Surfactants include, for example, polycthoxylated alcohols, polyethoxylated 
alkyiphenols, polycthoxylated sorbitan fatty acid esters, dialkyl sulfosuccinates, atkyl 
sulfates, alkylbenzene sulfonates, organosilicones, /V.A'-dialkyltaurates. lignm 
sulfonates, naphthalene sulfonate formaldehyde condensates, polycarboxylatcs. and 
5 polyoxycthylene/polyoxypropylene block copolymers. Solid diluents include, for 

example, clays such as bentonite, montmorillonitc. attapuigite and kaolin, starch, sugar, 
silica, talc, diatomaceous earth, urea, calcium carbonate, sodium carbonate and 
bicarbonate, and sodium sulfate. Liquid diluents include, for example, water. 
yV.Ar-dimethylformamide. dimethyl sulfoxide, /V-alkylpyrrolidone. ethylene glycol. 

10 polypropylene glycol, paraffins, alkylbenzenes, alkylnaphthalenes. oils of olive, castor, 
linseed, tung, sesame, corn, peanut, cotton-seed, soybean, rape-seed and coconut, fatty 
acid esters, ketones such as cyclohexanone, 2-heptanonc, isophorone and 4-hydroxy-4- 
methyl-2-pentanone, and alcohols such as methanol, cyclohexanol, decanol and 
tetrahydrofurfuryl alcohol. 

15 Solutions, including emulsifiable concentrates, can be prepared b\ simply mixing 

the ingredients. Dusts and powders can be prepared by blending and, usually, grinding 
as in a hammer mill or fluid-energy mill. Suspensions are usually prepared by wet- 
milling; see. for example, U.S. 3.060,084. Granules and pellets can be prepared by 
spraying the active material upon preformed granular carriers or by agglomeration 

20 techniques. See Browning, "Agglomeration", Chemical Engineering, December 4. 

1967, pp 147-48, Perry's Chemical Engineer's Handbook, 4th Ed., McGraw-Hill. New 
York. 1963, pages 8-57 and following, and WO 91/13546. Pellets can be prepared as 
described in U.S. 4,172,714. Water-dispersible and water-soluble granules can be 
prepared as taught in U.S. 4.144,050, U.S. 3,920.442 and DE 3.246,493. Tablets can be 

25 prepared as taught in U.S. 5.180,587, U.S. 5.232.701 and U.S. 5.208.030. Films can be 
prepared as taught in GB 2,095,558 and U.S. 3,299,566. 

For further information regarding the art of formulation, see U.S. 3,235.361, 
Col. 6. line 16 through Col. 7, line 19 and Examples 10-41; U.S. 3,309.192. Col. 5, 
line 43 through Col. 7, line 62 and Examples 8, 12, 15, 39, 41, 52, 53, 58. 132, 138-140, 

30 162-164, 166, 167 and 169-182; U.S. 2,891 ,855, Col. 3. line 66 through Col. 5, line 17 
and Examples 1-4; Klingman, Weed Control as a Science, John Wiley and Sons, Inc., 
New York, 1961, pp 81-96; and Hance et al.. Weed Control Handbook., 8th Ed., 
Blackwell Scientific Publications, Oxford, 1989. 

In the following Examples, all percentages are by weight and all formulations are 

35 prepared in conventional ways. Compound numbers refer to compounds in Index 
Tables A-C. 
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Example A 

High Strength Concentrate 

Compound 2 98.5% 

silica aerogel 0.5% 

synthetic amorphous fine silica 1.0%. 

Example B 

Wettable Powder 



Compound 1 f 
dodecylphenol polyethylene glycol ether 2.0% 
10 sodium ligninsulfonate 4.0% 

sodium silicoaluminate 6.0% 
rnontmorillonite (calcined) 23.0%. 

Example C 

Granul e 

15 Compound 15 10.0% 

attapulgite granules (low volatile matter, 

0.7 1/0.30 mm; U.S.S. No. 25-50 sieves) 90.0%. 

Example D 

Extruded Pellet 

20 Compound 6 25.0% 

anhydrous sodium sulfate 10.0% 
crude calcium ligninsulfonate 5.0%: 
sodium alkylnaphthaienesulfonate 1.0% 
calcium/magnesium bentonitc 59.0%'. 

25 Test results indicate that the compounds of the present invention arc highly active 

preemergent and postemergent herbicides or plant growth regulants. Many of them will 
have utility for broad-spectrum pre- and/or postemergence weed control in areas where 
complete control of all vegetation is desired such as around fuel storage tanks, industrial 
storage areas, parking lots, drive-in theaters, air fields, river banks, irrigation and other 

30 waterways, around billboards and highway and railroad structures. Some of the 

compounds will be useful for the control of selected grass and broadleaf weeds with 
tolerance to important agronomic crops which include but are not limited to barley, 
cotton, wheat, rape, sugar beets, corn (maize), soybeans, rice, tomato, potato, and 
plantation crops including coffee, cocoa, oil palm, rubber, sugarcane, citrus, grapes, fruit 

35 trees, nut trees, banana, plantain, pineapple, hops, tea, forests such as eucalyptus and 
conifers, e.g., loblolly pine, and turf species, e.g., Kentucky blucgrass, St. Augustine 
grass, Kentucky fescue and Bermuda grass. Those skilled in the art will appreciate that 
not all compounds are equally effective against all weeds. Alternatively, the subject 
compounds are useful to modify plant growth. 
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Compounds of this invention can be used alone or in combination with other 
commercial herbicides, insecticides or fungicides. Compounds of this invention can 
also be used in combination with commercial herbicide safeners such as benoxacor. 
dichlormid and furilazole to increase safety to certain crops. A mixture of one or more 
5 of the following herbicides with a compound of this invention may be particularly 

useful for weed control: acctochlor. acifluorfen and its sodium salt, aclonifen. acrolein 
(2-propenal), alachlor, ametryn. amidosulfuron, aniitrole, ammonium sulfamatc. 
anilofos, asulam, atrazine, azimsulfuroti, benazolin. benuzolin-ethyl, benlluralin, 
benfuresate, bensulfuron-methyi, bensulide. bentazone, bifenox, bromaciL bromoxynil. 

10 bromoxynil octanoate, butachlor, butralin. butylate, chlomethoxyfen, chioramben, 
chlorbromuron, chloridazon, chlonmuron-ethyh chlornitrofen. chlorotolurom 
chlorpropham, chlorsulfurom chlorthal-dimethyl, cinmethyiin, cinosulfuron. clethodim. 
clodinafop. clomazone, clopyralid, clopyralid-olamine, cyanazine, cycloalc, 
cyclosulfarnuron, 2,4-D and its butotyh butyl, isoctyl and isopropyl esters and its 

1 5 dimethylammonium, diolamine and trolamine salts, daimuron, dalapon. 

dalapon-sodium, dazomet, 2,4-DB and its dimethylammonium, potassium and sodium 
salts, desmedipham, desmetryn, dicamba and its diglycolammonium, 
dimethylammonium, potassium and sodium salts, dichlobenil, dichlorprop, 
diclofop-methyl, 2-[4.5-dihydro-4-methyl-4-( l-mcthylcthyI)-5-oxo- l//-imidazol-2-yI]- 

20 5-methyl-3-pyridinecarboxylic acid (AC 263.222), difenzoquat metilsull ate. 

diflufcnican, dimepiperate, dimcthenamid, dimethylarsimc acid and its sodium salt, 
dinitramme, diphenamid, diquat dibromide, dithiopyr. diuron, DNOC endothaK EPTC. 
esprocarb, ethalfluralim cthametsulfuron-methyl. ethofumesate, ethyl a,2-dichloro-5- 
[4-(difluoromethyl )-4.5-dihydro-3-methyl-5-oxo- 1 H- 1 ,2,4-tnazol- 1 -y IJ-4- 

25 fluorobenzenepropanoate (F8426), fenoxaprop-ethyl, fenoxaprop-P-ethyl, fenuron, 
fenuron-TCA, flamprop-methyl, flamprop-M-isopropyl, flamprop-M-methyl, 
flazasulfuron, fluazifop-butyl, fluazilbp-P-butyl, fluchloralin, flumetsulam. flumiclorac- 
pentyl, flumioxazin, fluometuron, fluoroglycofen-ethyl, flupoxam, fluridone, 
flurochloridone, fluroxypyr, fluthiacet-methyl, fomesafen, fosaminc-ammonium, 

30 glufosinate, glufosinate-ammonium, glyphosate, giyphosate-isopropylammonium, 

glyphosate-sesquisodium, glyphosate-trimesium, halosulfuron-methyl, haloxyfop-etotvl. 
haloxyfop-mcthyl, hcxazinone, imazamethabenz-methyL ima/amox (AC 299 263), 
imazapyr, imazaquin, imazaquin-ammonium, imazethapyr, imazethapyr-amnionium. 
imazosulfuron, ioxynil, ioxynil octanoate, ioxynil-sodium. isoproturon, tsouron, 

35 isoxaben, isoxaflutole (RPA 201772), lactofen. lenacil, linuron, maleic hydrazide. 
MCPA and its dimethylammonium, potassium and sodium salts, MCPA-isoctyl, 
mecoprop, mccoprop-P, mefenacet, mefluididc, metam-sodium, methabenzthiazuron, 
methyl [[2-chloro-4-fluoro-5-[(tetrahydro-3-oxo- \H3H-[ 1 ,3,4]thiadiazolo[3,4- 
d/]pyridazin- l-ylidene)amino]phenyl)thioacctate ( KIM 9201), methvlarsonic acid and its 
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calcium, monoarnmonium, monosodium and disodium salts, methyl f[[l-("5-[2-chloro-4- 
(trinuoromethy!)phenoxy]-2-njtrophenyl]-2-methoxyethylidenc]amino]oxy]acet 
(AKH-7088), methyl 5-[[[[(4,6-dimethyl-2- 

pynmidinyI)amino]carbonyl]amino]sulfonyl]-l -(2-pyridinyl)- l/7-pyrazole-4- 
5 carboxylate (NC-330), metohenzuron, metolachlor, metosulam, metoxuron, metribuzin, 
metsulfuron-methyl, molinate, monolinuron, napropamide, naptalam, neburon, 
nicosulfurom norflurazon, oryzalin, oxadiazon, 3-oxetanyl 2-[[[[(4,6-dimethyl-2- 
pyrimidinyl)amino]carbonyl]amino]sulfonyl]benzoatc (CGA 277476). oxyfluorfen. 
paraquat dichloride, pebulate, pendimethalin, perfluidone, phenmedipham, picloram, 

10 picloram-potassium, pretilachlor, primisulfuron-methyl, prometon. prometryn, 

propachlor, propanil, propaquizafop, propazine, propham, propyzamide, prosulfuron, 
pyrazolynate, pyrazosulfuron-ethyl, pyridate t pyrithiobac, pyrithiobac-sodium, 
quinclorac, quizalofop-ethyl, quizalofop-P-ethyh quizalofop-P-tefuryl, rimsulfuron, 
scthoxydim, siduron. simazine, sulcotrione (ICIA0051), sulfcntrazone, 

I? sulfometuron-methyl, sulfosulfuron. TCA. TCA-sodium, tcbuthiuron, terbacil, 
terbuthylazine, terbutryn, thenylchlor, thiafluamide (BAY 1 1390), 
thifensulfuron-methyl, thiobencarb, tralkoxydim, tri-allate. triasulfuron, 
tribenuron-methyl, triclopyr, triciopyr-butotyl, triclopyr-triethylammonium, tridiphanc, 
trifluralin, triflusulfuron-mcihyl, and vernolate. 

20 In certain instances, combinations with other herbicides having a similar spectrum 

of control but a different mode of action will be particularly advantageous for - z 
preventing the development of resistant weeds. 

Certain combinations of compounds of this invention with other herbicides mas- 
provide synergistic herbicidal effects on weeds or may provide enhanced crop safety. 

25 Preferred for better control of undcsired vegetation in winter wheat, winter barley, 

spring wheat, spring barley, and peas (e.g., lower use rate, broader spectrum of weeds 
controlled, or enhanced crop safety ) or for preventing the development of resistant 
weeds in winter wheat, winter barley, spring wheat, spring barley, and peas are mixtures 
of a compound of this invention with one or more of the herbicides selected from the 

30 group tribenuron-methyl, thifensulfuron-methyl, metsulfuron-methyl, chlorsulfuron, 
triasulfuron, 2,4-D, dicamba, bromoxynil, MCPA, fluroxypyr, clopyralid, fenoxaprop, 
diclofop, tralkoxydim, clodinafop, imazamethabenz, sulfosulfuron, difenzoquat, 
propanil, prosulfuron, metribuzin, glyphosate, triallate, trifluralin, paraquat, diallalc. 
linuron, diflufenican, pendimethalin, cyanazine, neburon, terbutryn, prosulfocarb. 

35 isoproturon, cblortoluron, methabenzthiazuron, metoxuron. simazine. ioxynil, 

mecoprop, metosulam, fluroglycophen-ethyl, flamprop-M-isopropyl, benzoylpropethyl, 
ethametsulfuron-mcthyl, quinclorac, and bentazone. 

Specifically preferred mixtures for use in winter wheat, winter barley, spring 
wheat, spring barley, and peas are selected from the group: 
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a) 2-[(2,4-dihydro-2,6 1 9-trimethyl[ 1 ]benzoihiop\Tano[43-r]pyrazol-8- 
yl)carbonyl]-l,3-cyclohexanedione 5,5-dioxide (mixture partner A, generally applied at 
a rate of 4 to 280 g/ha, preferably applied at a rate of 8 to 70 g/ha) in combination with: 









Preferred 


i— 


Preferred 








Ratio 


Use Rate 


Use Rale 


Combination 




Ratio Range 


Ranee 


Range of 


Ran^e 


Number 


Mixture Partner B 


of A:B 


of* A:B 


B { c/ha ) 


of B ( a/ha > 


1 


tribenuron-methvl 


1:10-300:1 


1:1-14:1 


l-5d 


5-20 


2 


thifcnsulfuron-methvl 


1:25-300:1 


1:2-7:1 


1-100 


10-40 


3 


thitensulfuron-methyl 
in combination with 


1:10-300:1 


1:1-7:1 


1-50 


1O-20 




tribenuron-methvl 


1:5-300:1 


2:1-14:1 


1-20 


5-10 


4 


metsult'uron-methvl 


1 :5-3(>(): 1 


3:1-35:1 


1-20 


2-6 


s 


thitensulfuron-methyl 
in combination with 


1:25-300:1 


1:2-7:1 


1-100 


10-40 




metsulfuron-methvl 


1:5-300:1 


3:1-35:1 


1-20 


2-6 


6 


thifensulfuron-methyl 
in combination with 


1:10-300:1 


1:1-7:1 


1 50 


10-20 




tribenuron-methyl 


1:10-300:1 


1:1-7:1 


1-20 


5-10 




in combination with 












metsulfuron-methvl 


1:5-300:1 


3:1-35:1 


1-20 


2-6 


7 


chlorsulfuron 


1:10-300:1 


2:3-7:1 


1-50 


10-30 


8 


chlorsulfuron 
in combination with 


1:10-300:1 


1:1-7:1 


1 50 


10-20 




metsulfuron-methvl 


1:2-300:1 


5:1-35:1 


1-10 


2-4 


9 


triasulfuron 


1:10-300:1 


2:3-7:1 


1 -50 


10-30 


10 


2,4-D 


1:1000-3:1 


1:100-1:3 


100-4000 


200-2000 


11 


dicamba 


1:150-10:1 


1:15-1:1 


30-600 


70-300 


12 


bromoxvnil 


1:500-3:1 


1:50-1:4 


100-2000 


250-1000 


13 


MCPA 


1:500-6:1 


1:50-1:1 


50-2000 


100-1000 


14 


bromoxynil 
in combination with 


1:500-3:1 


1:50-1:4 


100-2000 


250-1000 




MCPA 


1:500-6:1 


1:50-1:1 


50-2000 


i 00- 1000 


15 


fluroxypvr 


1:150-10:1 


1:15-1:1 


30-600 


5 70-300 


16 


clopyralid 


1:125-30:1 


1:12-1:1 


10-500 


50 250 



BNSDOC1D: <WO 9719087A1_L> 



WO 97/19087 



145 



PCT/US96/18381 



17 


fenoxaprop 
in combination with 


1:50-30:1 


1:5-2:1 


10-200 


40- UK) 




fenchlorazole 


1:12-300:1 


1:1-7:1 


1 -50 


10-25 


1R 


diclofop 


1:500-3:1 


1:50-1:7 


100-2000 


500-1O00 


19 


iralkoxydim 


1:125-3:1 


1:15-1:2 


100-500 


150-300 


20 


clodinafop 
in combination with 


1:50-30:1 


1:5-2:1 


10-200 


40-100 




cloquintocet-mexyl 


1:12-300:1 


1:1-7:1 


1-50 


10-25 


21 


sulfosuifuron 


1:12-300:1 


1:2-20:1 


1-50 


4-40 


22 


prosulfuron 


1:125-125:1 


1:3-3:1 


4-300 


20*70 


23 


metribuzin 


1:250-30:1 


1:25-1:1 


10-1000 


50-500 


24 


clvphosate 


1:500-3:1 


1:50-1:4 


100-2000 


250-1000 


25 


ethametsulfuron-methvl 


1:10-300:1 


2:3-7:1 


1-50 


10-30 



b) 2-[(2-ethyl-2,4-dihydro-6,^ 
yl)carbonyl]-1.3-cyciohexanedione 5,5-dioxide (mixture partner A, generally applied at 
5 a rate of 4 to 280 g/ha, preferably applied at a rate of 8 to 70 g/ha) in combination with: 









Preferred 




Preferred 








Ratio 


Use Rate 


Use Rate 


Combination 




Ratio Ran^e 


Ranye 


Range of 


Range 


Number 


Mixture Partner B 


of A:H 


of A:B 


B (p'h'd) 


of B (e/hai 


1 


tribenuron-methvl 


1:10-300:1 


1:1-14:1 


1-50 


5-20 




thifensulfuron-methvl 


1:25-300:1 


1:2-7:1 


1-100 


10-40 


3 


thifensulfuron-mcthyl 
in combination with 


1:10-300:1 


1:1-7:1 


1-50 


10-20 




tribenuron-methvl 


1:5-300:1 


2:1-14:1 


1-20 


5-10 


4 


metsulfuron-methvl 


1:5-300:1 


3:1-35:1 


1-20 


2-6 


5 


thifensulfuron-methvl 
in combination with 


1:25-300:1 


1:2-7:1 


1-100 


10-40 




metsulfuron-methvl 


1:5-300:1 


3:1-35:1 


1-20 


2-6 


6 


thifensulfuron-methvl 
in combination with 


1:10-300:1 


1:1-7:1 


1-50 


10-20 




tribenuron-methvl 


1:10-300:1 


1:1-7:1 


1-20 


5-10 




in combination with 












metsulfuron-methvl 


1:5-300:1 


3:1-35:1 


1-20 


2-o 


7 


chlorsulfuron 


j 1:10-300:1 


2:3-7:1 


1-50 


! 10-30 
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8 


chlorsulfuron 
in combination with 


i 

1:10-300:1 


1:1-7:1 


1-50 


10-20 




metsult'umn-methvl 


1:2-300:1 


5:1-35:1 


1-10 


2-4 


9 


triasulturon 


1:10-300:1 


2:3-7:1 


1-50 


10-30 


10 


2.4-D 


1:1000-3:1 


1:100-1:3 


100-4000 


200-2000 


1 I 


dicamba 


1:150-10:1 


1:15-1:1 


30-600 


70-300 


12 


bromoxvnil 


1:500-3:1 


1:50-1:4 


100 2000 


250- 1000 


13 


MCPA 


1:500-6:1 


1:50-1:! 


50-2000 


100-1000 


14 


bromoxynii 
in combination with 


1:500-3:1 


1:50-1:4 


100 2000 


1- i 000 




MCPA 


1 :500-6: 1 


1:50-1:1 


50-2000 


100-1000 


15 


tluroxvpvr 


1:150-10:1 


1:15-1:1 


30-600 


70-300 


16 


dopvralid 


1:125-30:1 


1:12-1:1 


10-500 


50-250 


17 


fenoxaprop 
in combination with 


1 :50-30: 1 


1:5-2:1 


10-200 


40- 100 




fenchlorazole 


1:12-300:1 


1:1-7:1 


1-50 


10-25 


IX 


diclofop 


1:500-3:1 


1:50-1:7 


100-2000 


500-1000 


19 


tralkoxydim 


1:125-3:1 


1:15-1:2 


100-500 


150-300 


20 


clodinafop 
in combination with 


1:50-30:1 


1:5-2:1 


10-200 


4-0- 100 




cloquintocct-mcxvi 


1:12-300:1 


1:1-7:1 


1-50 


10 25 


21 


sulfosulfuron 


1: 12-300:1 


1.2-20:1 1 


1-50 


4-40 




pmsulfuron 


1:125- 125:1 


1:3-3:1 j 


4-300 


20-70 


23 


meiribuzin 


1:250-30:1 


1:25-1:1 : 


in- ion i 


50-500 


24 


tilyphosate 


1 :500-3:l 


1:50-1:4 


100 2000 i 


25o- loot) 


25 


ethametsulfuron-methvl 


1:10-300:1 


2:3-7: 1 


1-50 


10-30 



c) 2-[(2 f 4-dihydro-2,6.9-trim^ 
vI)carbonyl]-5-methyl-l,3-cyclohexanedione 5.5-dioxide (mixture partner A. generally 
applied at a rate of 4 to 280 g/ha, preferably applied at a rate of 8 to 70 g/ha) in 
combination with: 
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PrpiVrred 




Preferred 








Ratio 


Use Rate 


Use Rate 


Combination 




Ratio Range 


■ Range 


Ran ye of 


Range 


Number 


Mixture Partner B 


of A:B 


of A:B 


B fg/ha> 


of B (Li/ha) 


1 


tribenuron-methvl 


1:10-300:1 


1:1-14:1 


I -50 


5-20 


2 


(h ifpn^ulfurnn-mpthvl 


1:25-300:1 


1 :2-7: 1 


1 - 1 00 


10-40 


3 


tli i fen su I f u ron - m e th y 1 
in combination with 


1:10-300:1 


1:1-7:1 


1-50 


IO-2(i 




1 I I I.7C IiUI^JII-lllClilV 1 


1 :5-300: 1 


2:1-14:1 


1-20 


5- 10 
: 


4 


metsulfuron-methvl 


1:5-300:1 


3: 1-35:1 


1-20 


2-0 


5 


thifensulfuron-methyl 
in combination with 


1:25-300:1 


1:2-7:1 


1-100 


10-40 




m e t s u 1 1 u r o n - mc t h y 1 


1:5-300:1 


3:1-35:1 


1-20 


2-6 


0 




t h i i ensu 1 tu ron - nieth y I 

in r *r~wn h i tti f i An vjuitH 

UI K~\)l 1 I Ul J Icilltjl I Willi 


1 . 1 U-.?UU. 1 


I . 1 - ; . 1 


1 M * 


1 0- ^0 




tribenuron-methyl 


1:10-300:1 


1:1-7:1 


1-20 


5-10 




in combination with 












m o t c 1 1 1 f 1 1 ro n - tti p t h v 1 


1 :5-300: 1 


3; 1-35: 1 


1-20 


2-6 


7 


(*hlfir<siilfnrnn 

I- 1 1 1 W 1 ,iUJI LI I V" I 1 


1: 10-300: 1 


2:3-7:1 


1-50 


1 0-30 


8 


phlorsnlfiiron 

k. 1 1 1 v j i juiiui 1 1 

in combination with 


1* 10-300* 1 


1:1-7:1 


1-50 


10-20 




metsulfuron-methvl 


1:2-300:1 


5:1-35:1 


1-10 




9 


tnasulf uron 


1:10-300:1 


2:3-7: 1 


1-50 


10-30 


in 


2.4- D 


1:1000 3:1 


1:100-1:3 


100-4000 


200-2000 


1] 


dicamba 


1:150-10:1 


1:15-1:1 


30-600 


70-300 


12 


hrnmn* vni I 

t_/lV-JML\_/AYllll 


t :500-3: 1 


1 :50- 1 :-i 


1 00- 2000 


7^0- 1000 


i 3 


MCPA 


1 ^00-6- 1 


1 :50- 1 : 1 


50-2000 


1 00- 1 000 


14 


Ui k) 1 1 IVJa V 1 1 ' 1 

in combination with 


1 :5O0-3: 1 


1:50- 1 :4 


100- ^000 


°S0- 1000 




MCPA 


1:500-6:1 


1:50-1:1 


50-2000 


100-1000 


15 


flurox vpvr 


1 : 150-10: 1 


1:15-1:1 


30-600 


70-300 


16 


clopyralid 


1:125-30:1 


1:12-1:1 


10-500 


50-250 


17 


fenoxaprop 
in combination with 


1:50-30:1 


1:5-2:1 


10-200 


40-100 




fenchlorazole 


1:12-300:1 


1:1-7:1 


1-50 


10-25 


18 


diclofop 


1:500-3:1 


1:50-1:7 


100-2000 


500-1000 
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19 


tralkoxvdim 


1:125-3:1 


1:15-1:2 


100-500 


150-300 


20 


clodinafop 
in combination with 


1:50-30:1 


1:5-2:1 


10-200 


40-100 




cloquintocer-mexvl 


1:12-300:1 


1:1-7:1 


1 -50 


10-25 


21 


sulfosulfuron 


1:12-300:1 


1:2-20:1 


1 -50 


4-40 




prosulfuron 


1:125-125:1 


1:3-3:1 


4-300 


20-70 


23 


mctribuzin 


1:250-30:1 


1:25-1:1 


10-1000 


50-500 


24 


glyphosaur 


1:500-3:1 


1:50-1:4 


100-2000 


250-1000 


25 


etharnetsulfuron-methvl 


1:10-300:1 


2:3-7:1 


f 

1-50 1 


10-30 



d) (2,4-dihydro-2,6 ( 9-tr^ 
hydroxy- l//-p\Tazol-4-yl)methanone 5\S-dioxide (mixture partner A. generally applied 
at a rate of 4 to 280 g/ha, preferably applied at a rate of 8 to 7U g/haj in combination 
with: 









Preferred 




Pre! erred 








Ratio 


Use Rate 


Use Rate 


Combination 




Ratio Range 


Range 


.Range of 


Range 


Number 


Mixture Partner B 


of A:B 


of A:B 


B (e/hai 


of B (c/ha) 


1 


tnbenuron-methvl 


1:10-300:1 


1:1-14:1 


1-50 


5-20 


2 


thifensulfuron-methv! 


1:25-300:1 


1:2-7:1 


1-100 


10-40 


3 


thifensulfuron-methyl 


1:10-300:1 


1:1-7:1 


1-50 


10-20 




in combination with 












tnbenuron-methvl 


1 : 5- 300:1 


2:1-14:! 


1-20 


5-10 


4 


mctsulfuron-methvl 


1:5-300:1 


3:1-35:1 


i 

1-20 


2-6 




thifensulfuron-methyl 


1:25-300:1 


1:2-7:1 


MOO 


10-40 




in combination with 












metsulfuron-methv! 


1:5-300:1 


3:1-35:1 


1-20 


2-6 


6 


thifensulfuron-methyl 


1:10-300:1 


1:1-7:1 


1-50 


10-20 




in combination with 












tnbenuron-methvl 


1:10-300:1 


1:1-7:1 


1-20 


5-10 




in combination with 










i 


metsuifuron-methvl 


1:5-300:1 


3:1-35:1 


1-20 


2-6 


7 


chlorsuifuron 


1:10-300:1 


2:3-7:1 


1-50 


10-30 


8 


chlorsuifuron 


1:10-300:1 


1:1-7:1 j 
i 


1-50 


10-20 




in combination wiih 




) 








metsuifuron-methvl 


1:2-300:1 


5:1-35:1 


1 10 


^ - 4 



BNSDOCID: <WO_9719087A1_I_> 



WO 97/19087 



FCT/US96/18381 



149 



9 


triasulfuron 


1:10-300:1 


2:3-7:1 


1-50 


10-30 


10 


2.4-D 


1:1000-3:1 


1:100-1:3 


100-4000 


200-2000 


] 1 


dicamba 


1:150-10:1 


1:15-1:1 


30-600 


70-300 


12 


bromoxvnil 


1:500-3:1 


1:50-1:4 


100-2000 


250-1000 


13 


MCPA 


1 :500-6: 1 


1:50-1:1 


50-2000 


100-1000 


14 


bromoxvnil 
in combination with 


1:500-3:1 


1:50-1:4 


100-2000 


250-1000 




MCPA 


1:500-6:1 


1:50-1:1 


50-2000 


100-1000 


15 


fluroxypvr 


1: 150-10: 1 


1:15-1:1 


30-600 


70-300 


1 6 


clopvralid 


1: 125-30: 1 


1:12-1:1 


10-500 


50-250 


1 7 


f enoxaprop 
in combination with 


1 :50-30:l 


1 :5-2: 1 


10-200 


40-100 




fenchlorazole 


1:12-300:1 


1:1-7:1 


1-50 


10-25 


1 8 


diclofop 


1 :500-3:l 


1:50-1 :7 


100-2000 


500- 1000 


19 


tralkoxvdim 


1 : 125-3: 1 


1: 15-1:2 


100-500 


150-300 


20 


clodinafop 
in combination with 


1:50-30:1 


1:5-2:1 


10-200 


40-100 




cloquintocet-mexvl 


1:12-300:1 


1:1-7:1 


1-50 


10-25 


21 


sulfosulfuron 


1:12-300:1 


1:2-20:1 


1-50 


4-40 


? ~> 


prosulfuron 


1:125-125:1 


1:3-3:1 


4-300 


20-70 


23 


metribuzin 


1:250-30:1 


1:25-1:1 


10- 1000 


50-500 


24 


glvphosate 


1:500-3:1 


1:50-1:4 


1 

100-2000 


250-1000 


25 


ethametsulfuron-methvl 


1:10-300:1 


2:3-7: 1 


1-50 


10-30 



e) 2-[(3-chloro-2-ethyl-2 1 4-dihydro-6,9-dirnethyi[ 1 ]benzothiopyrano[4,3- 
c]pyrazol-8~yl)carbonyl]- 1 ,3-cyclohexanedione 5,5-dioxide (mixture partner A, 
generally applied at a rate of 4 to 280 g/ha, preferably applied at a rate of 8 to 70 g/ha.) 
5 in combination with: 









Preferred 




Preferred 








Ratio 


Use Rate 


Use Rate 


Combination 




Ratio Range 


Range 


Range of 


Range 


Number 


Mixture Partner B 


of A:B 


of A:B 


B (g/ha) 


of B (e/ha) 


I 


tnbenuron-methvl 


1:10-300:1 


1:1-14:1 


1-50 


5-20 


2 


thifensulfuron-methy! 


1:25-300:1 


1:2-7:1 


1-100 


1 0-40 
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3 


ihiiensulfuron- methyl 
in combination with 


1:10-300:1 


1:1-7:1 


1-50 


10-20 




tribenuron-methvl 


1:5-300:1 


2:1-14:1 


1-20 


5-10 


4 


metsulfuron-methvl 


1:5-300:1 


3:1-35:1 


1-20 


2-6 


5 


thifensulfuron-methyl 
in combination with 


1:25-300:1 


1:2-7:1 


1-100 


10-40 




metsulfuron -methyl 


1:5-300:1 


3:1-35:1 


1-20 


2-6 


6 


thifensulfuron-methyl 
in combination with 


1:10-300:1 


1:1-7:1 


1 -50 


10-20 




tribenuron-methvl 


1:10-300:1 


1:1-7:1 


1-20 


5-10 




in combination with 












metsulfuron- methyl 


1:5-300:1 


3:1-35:1 


1-20 


2-0 




chlorsulfuron 


1:10-300:1 


2:3-7: ! 


1-50 


10-30 


S 


chlorsuifuron 
in combination with 


1:10-300:1 


1:1-7:1 


1-50 


10-20 




metsulfuron-methvi 


1:2-300:1 


5: 1-35:1 


1-10 


2-4 


9 


triasulfuron 


1:10-300:1 


2:3-7:1 


1-50 


10-30 


10 


2.4-D 


1:1000-3:1 


1:100-1:3 


100-4000 


200-2000 


I 1 


dicamba 


1:150-10:1 


1:15-1:1 


30-600 


70-300 


12 


bromoxvnil 


1:500-3:1 


1:50-1:4 


i 

100-2000 


250-1000 


13 


MCPA 


1:500-6:1 


1:50-1:1 


50-2000 


100-1000 


14 


bromoxvnil 
in combination with 


1:500-3:1 


1:50-1:4 


100-2000 


250-1000 




MCPA 


1:500-6:1 


1:50-1:1 


50-2000 


100-1000 


15 


fluroxypyr 


1:150-10:1 


1:15-1:1 


30-600 


70-300 


16 


clopyralid 


1:125-30:1 


1:12-1:1 


10-500 


50-250 


17 


fcnoxaprop 
in combination with 


1 :50-30: 1 


1:5-2:1 


10-200 


40-100 




fenchlorazole 


1:12-300:1 


1:1-7:1 


1-50 


10-25 


18 


diclofop 


1:500-3:1 


1:50-1:7 


1 00-2000 


500-1000 


19 


tralkoxvdim 


1:125-3:1 


1:15-1:2 


100-500 


150-300 


20 


clodinatop 
in combination with 


1:50-30:1 


1:5-2:1 


10-200 


40-100 




cloquintocet-mexyl 


1:12-300:1 


1:1-7:1 


1-50 


10-25 


23 


sulfosulfuron 


1:12-300:1 


1:2-20:1 


1-50 


4-40 


22 


prosulfuron 


1:125-125:1 


1:3-3:1 


4-300 


20-70 


23 


metribuzin 


1:250-30:1 


1:25-1:1 


10-1000 


50-500 
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24 


ulvphosate 


! 1:500-3:1 


1:50-1:4 


100-2000 


250-1000 


25 


ethametsul furoiv meth v 1 


1:10-300:1 


2:3-7:1 


1-50 


10-30 



ft 2-K4,5-dihydro-2,7,10-trimethyl-2//I l]benzothiepino[5 ? 4-cipyra/.oi-9- 
yl)carbonyl]-5-methyl-l,3-cyclohexanedione 5,5-dioxide (mixture partner A. generally 
applied at a rate of 4 to 280 g/ha, preferably applied at a rate of 8 to 70 g/ha) in 
combination with: 









Preferred 




Preferred 








Ratio 


Use Rate 


Use Rate 


Combination 




Ratio Range 


Range 


Range of 


Ramie 


Number 


Mixture Partner B 


of A:B 


of A:R 


R ( »/ha * 


of B cv-'k::* 


1 


tribenuron-methvl 


1:10-300:1 


1:1-14:1 


1-50 


5-20 




thitcnsul ruron-meth v 1 


1 2^-300: 1 


1:2-7:1 


1-100 


10-40 




th i ten su Huron- methyl 


! 

I ■ 1 0-IOO- 1 

1 . IV.' -JV )\j . \ . 


1:1-7:1 ! 


1-50 


10-20 




in combination with 












tribenuron-methvl 


1 :5-300:t 


2:1-14:1 


1-20 


5-10 


4 


mctsulfuron- methyl 


1 . J" - _H f\) . 1 


3:1-35:1 


1-20 


2-6 


5 


t ii i f e ns u 1 f u r o n - m e th y 1 
in combination with 


i .t^ inn - 1 


1:2-7: 1 


1 - 1 00 


1 0-40 




met sulfuron- methyl 


1 :5-300: 1 


3: 1 -35: 1 


1-20 


2-6 


o 


ill it ensulfuron-methy I 
in combination with 


1 • 1 0-^00- 1 


1: 1-7:1 


1-50 


10-20 




tribenuron-methvl 


1:10-300:1 


1:1-7:1 


1-20 


5-10 




m combination with 












metsuifuron -methyl 


1:5-300:1 


3: 1-35: 1 


1-20 


2-0 


7 


chlorsulfuron 


1:10-300:1 


2:3-7:1 


1-50 


10-30 


8 


chlorsuifuron 
in combination with 


1:10-300:1 


1:1-7:1 


1-50 


10-20 




mctsulturon-methvl 


1:2-300:1 


5:1-35:1 


1-10 


~i 4 


9 


tnasulfuron 


1:10-300:1 


2:3-7:1 


! 1-50 


10-30 


10 


2,4-D 


1:1000-3:1 


1:100-1:3 


100-4000 


■ 200-2000 


1 1 


dicamba 


1:150-10:1 


1:15-1:1 


30-600 


70-300 


12 


bromoxvnil 


1:500-3:1 


1:50-1:4 


100-2000 


250-1000 


13 


MCPA 


1:500-6:1 


1:50-1:! 


50-2000 


100-1000 
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14 


bromoxynil 
in cornbi nation with 


1:500-3:1 


1:50-1:4 


100-2000 


250-1000 




MCPA 


1:500-6:1 


1:50-1:1 


50-2000 


100-1000 


15 


fluroxypyr 


1:150-10:1 


1:15-1:1 


30-600 


70-300 


16 


clopyralid 


1:125-30:1 


1:12-1:1 


10-500 


50-250 


17 


fenoxaprop 
in combination with 


1:50-30:1 


1:5-2:1 


10-200 


40-100 




fenchlorazole 


1:12-300:1 


1:1-7:1 


1-50 


10-25 


18 


diclofop 


1:500-3:1 


1:50-1:7 


100-2000 


500-1000 


19 


tralkoxvdim 


1:125-3:1 


1:15-1:2 


100-500 


150- 300 


20 


clodinafop 
in combination with 


1:50-30:1 


1:5-2:1 


10-200 


40- 100 




cloquintocet-mexvl 


1:12-300:1 


1:1-7:1 


i so ; 


10-25 


21 


sulfosulfuron 


1:12-300:1 


1:2-20:1 


i -50 : 


4-4{) 


22 


prosuif'uron 


1:125-125:1 


1:3-3:1 


I 

4-300 


20-70 


23 


rnetribuzin 


1:250-30:1 


1:25-1:1 


10 1000 \ 


50-500 


24 


tzlvphosate 


1:500-3:1 


1:50-1:4 


1 

100-2000 ! 


250- 10(H) 


25 


ethametsulfuron-methvl 


1:10-300:1 


2:3-7:1 


1-50 | 10-30 



Preferred for better control of undesired vegetation in corn (e.g., lower use rate, 
broader spectrum of weeds controlled, or enhanced crop safety ) or for preventing the 
5 development of resistant weeds in corn are mixtures of a compound of this invention 
with one or more of the herbicides selected from the group thifensulfuron-methvl, 
rimsulfuron, nicosulfuron, primisulfuron, atrazine, terbuthylazine, 2,4-D. dicamba, . 
bromoxynil, imazethapyr, clopyralid, prosulfurom glyphosate, glyphosaic-trimesium, 
glufosinate, fluthiacet-methyl, quizalofop-P-ethyK bentazone, flumetsulam, 
10 halosulfuron, scthoxydim, and flumiclorac-pentyl. 

Specifically preferred mixtures for use in corn are selected from the group: 
a) 2-[(2>4-dihydro-2,6,9-tnmethyl[ l]benzothiopyrano[4.3-c]pyrazol-8- 
yl)carbonyl]-l,3-cyciohcxanedione iVV-dioxide (mixture partner A, generally applied at 
a rate of 4 to 280 g/ha, preferably applied at a rate of 8 to 70 g/hai in combination with: 
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! 


I 
j 


Preferred ; 




Preferred 




i 




Ratio 


Use Rate 

j 


Use Rate 


Combination 


i 


Ratio Range 


Range 


Range of i 

1 


Range 


Number 


Mixture Partner B 


of A:B 


of A: 13 


Bfg/ha) ! 


tif B fa/ha) 


1 


rimsulfuron 


1:5-300:1 


1:1-70:1 


1-20 


1-10 


2 


th i fen sulfuron -methyl 


1:2-300:1 


1:1-70:1 


1-10 


1-5 


3 


nicosulfuron 


1:10-300:1 


1:1-70:1 


1-50 


1-10 


4 


rimsulfuron 

in i *r im Hi nMl in n with 


1:5-300:1 


1:1-70:1 


1-20 


1-10 




nicosulfuron 


1:10-300: J 


1:1-70:1 


1-50 


1-10 


5 


rimsulfuron 
in combination with 


1:5-300:1 


1:1-70:1 


1-20 


1-10 




thifensulfuron-rneth v 1 


1:2-300:1 


1:1-70:1 


i-iu 


1-5 


ft 


prosulfuron 


1:10-300:1 


2:1-70.1 


1-50 


1-10 




prosulfuron 


1:10-300:1 


2:1-70:1 


1-50 


1-10 




in combination with 












priinisulfuron 


1:10-300:1 


2:1-70:1 


1-50 


1-10 


8 


atrazine 


1 :5()0-3:l 


1:25-1:1 


100-2000 


100-500 


9 


terbuthvla/ine 


1:500-3:1 


1:25-1:1 


100-2000 


100-500 


If) 


dicamba 


1:125-30:1 


3:5-7:1 


! 10-500 


10-100 


1 i 


2.4 -D 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 


12 


bromoxvnil 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 


13 


imazethapvr 


1:25-300:1 


1:2-14:1 


1-100 


5-50 




elvphosate 


1:250-6:1 


1:25-1:! 


50-1000 


50-500 


15 


glufosinate 


1:250-6:1 


1:25-1:1 


1 50-1000 


50-500 


16 


el yphosate-tri medium 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 



b) 2-[(2-ethyl-2.4-dihydro^ 
yl)carbonyll-l,3-cyclohcxanedione S,S-dioxide (mixture partner A, generally applied at 
a rate of 4 to 280 g/ha, preferably applied at a rate of 8 to 70 g/ha) in combination with: 

5 
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Preferred 




Preferred 








Ratio 


| Use Rate 


Use Rate 

i\utv 


Combination 




Ratio Range 


Ran^e 


i 

Ranee of 


Range 


Number 


Mixture Partner B 


of A:B 


of A:B 


B (p/ha) 


i 

i of B r^/hm 


1 


rimsuifuron 


1:5-300:1 


1:1-70:1 


1-2(1 


1-10 


~) 


ihitensulruron-methvl 


1:2-300:1 


1 : 1 -70: 1 


1-10 


1-5 


3 


nicosulfuron 


1:10-300:1 


1:1-70:1 


1-50 


1-10 


4 


nmsulfuron 


1:5-300:1 


1:1-70:1 


1-20 


1-10 




in combination with 












nicosulfuron 


1:10-300:1 


1:1-70:1 


1-50 


M0 


5 


nmsulfuron 


1:5-300:1 


1:1-70:1 


1 - 20 


1-10 




in combination with 












thifensulfuron-methvl 


1:2-300:1 


1:1-70:1 


110 


1-5 


6 


prosulfuron 


1 : 1 0-300: 1 


2:1-70:1 


1-50 


MO 


n 

I 


prosulfuron 


1:10-300:1 


2:1-70:1 


1 -50 


1-10 




in combination with 












primisulfuron 


1:30-300:1 


2:1-70:1 


1 -50 


M0 


H 


atrazinc 


1:500-3:1 


1:25-1:1 


1 00-2000 


100-500 


<) 


terbuthvlazinc 


1:500-3:1 


1:25-1:1 


100-2000 


100-500 


10 


dicamba 


1:125-30:1 


1:5-7:1 


10-500 


10-100 


1 1 


2.4-D 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 


12 


bromoxvnil 


1:250-6:1 


1:25-1:! 


50-1000 


50-500 


13 


imazethapvr 


1:25-300:1 


1:2-14:1 


1-100 


5-50 


14 


glvphosate 


1 :250-6: 1 


1:25-1:1 


50-1000 


50-500 


15 


^lufosinate 


1:250-6:1 


1:25-1:1 


50-1000 ! 


50-500 


16 


izlyphosate-trimesiuin 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 



c) 2-[(2,4-dihydro-2.6,9-trimeihyl[l]benzothiopyranoI4,3-cJpyrazol-8- 
yl)carbonyl)-5-methyl-l,3-cyclohexancdionc 5\S-dioxide (mixture partner A, generally 
applied at a rate of 4 to 280 g/ha, preferably applied at a rate of 8 to 70 g/ha i in 
combination with: 
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t 


Preferred 




Preferred 








Ratio 


Use Rate 


Use Rate 


Combination 




Ratio Range 


Range 


Range of 


Range 


Number 


Mixture Partner B 


of A:B 


of A:B 


B ( e/hn t 


of B (o/hi\) 


1 


nmsu Huron 


1:5-300:1 


1:1-70:1 


,-20 


1-10 


*•> 


thifensulfuron-methvl j 


1:2-300:1 


1:1-70:1 


1-10 


1-5 


3 


nicosulfuron i 


1:10-300:1 


1:1-70:1 


1-50 


1-10 


4 


rimsulfuron 
in combination with 


1:5-300:1 


1:1-70:1 


I -20 


1-10 




nicosulfuron 


1:10-300:1 


1:1-70:1 


1 -50 


1-10 


5 


rimsulfuron 
in combination with 


1:5-300:1 


1:1-70:1 


1-20 


1 - 1 0 




tin fen sulfuron- methyl 


1:2-300:1 


1:1-70:1 


1-10 


1-5 


(i 


prosulfuron 


1:10-300: 1 


2:1-70:1 1-50 


1-10 


7 


prosulfuron 


1:10-300:! 


2:1-^0:1 


1-50 


1 110 




in combination with 




■ 


j 


i 




prtmisLilfuron 


1:10-300:1 


2:1-70:1 


: i-so 
i 


: i-io 
i " 


8 


mrazinc 


1:500-3:1 


1:25-1:1 


100-2000 


100-500 


0 


terbuthvlazine 


1:500-3:1 


1:25-1:1 


100-2000' 


100-500 


10 


dicamba 


1:125-30:1 


1:5-7:1 


10-500 


10-100 


1 1 


2.4-D 


1:250-6:1 


1:25-1:1 


50-1000* 


50-500 


12 


bromoxvnil 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 


13 


imazethapvr 


1:25-300:1 


1:2-14:1 


1-10O 


5-50 


14 


glvphosate 


1:250-6: 1 


1:25-1:1 


i 50-1000 


50-500 


15 


clufosinate 


1:250-6:1 


1:25-1:1 


1 50-1000 


i 50-500 
i — 


16 


glyphosate-trimesium 


1:250-6:1 


1:25-1:1 


50-1000 


| 50-500 



d) (2,4-dihydro-2,6,9-trin^ 
hydroxy- l//-pyrazol-4-yl)methanone S,S-dioxidc (mixture partner A, generally applied 
at a rate of 4 to 280 g/ha. preferably applied at a rate of 8 to 70 g/ha.) in combination 
5 with: 
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Preferred 




Preferred 








Rami 


Use Rate 


Use Rale 


Combination 




Ratio Ranjje 


Range 


! Ran^e of 




Number 


Mixture Partner B 


of A:B 


of A:B 


B (f/iiai 


of B ( i-'/h'i i 


i 


rimsulfuron 


1 :5-3()(J: 1 


1:1-70:1 


1-20 


I - 1 0 




thifensulfuron-rnelhvl 


1:2-300:1 


1:1-70:1 


1-1(1 


1 -5 


3 


nicosulfuron 


1:10-300:1 


1:1-70:1 


1-50 


1-10 


4 


rimsulfuron 


1:5-300:1 


1:1-70:1 


1-20 


1-10 




in combination with 












nicosulfuron 


1:10-300:1 


1:1-70:1 


1-50 


i 

1-10 


5 


rimsulfuron 


1:5-300:1 


1:1-70:1 


1-20 


1-10 




in combination with 












thifensulfuron-methvl 


1:2-300:1 


1:1-70:1 


M0 




ft 


prosulfuron 


1:10-300:1 


2:1-70:1 


1-50 


1-10 


7 


prosulfuron 


1:10-300:1 


2:1-70:1 


1-50 


l - 1 0 




in combination with 












primisult'uron 


1:10-300:1 


2:1-70:1 


1-50 


1- 10 


8 


atrazine 


1:500-3:1 


1:25-1:1 


I 

100-2000 • 


l nn-snn 


9 


terhuthylazine 


1:500-3:1 


1:25-1: 1 


100-2000 


100-500 


10 


dicamba 


1:125-30:1 


1:5-7:1 


10-500 


10-100 


1 i 


2.4-D 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 


12 


bromoxvnil 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 


1 3 


imazethapvr 


1:25-300:1 


1:2-14:! 


1-100 


5-50 


14 


ylvphosate 


1:250-6:1 


1:25-1:1 ! 


50-1000 


50-500 


15 


glufosinate 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 


16 


ylvphosate- trimesium 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 



e) 2-[(3-ch]oro-2-cthyl-2.4-dihydro-6,9-dimethyIf 1 ]benzoihiopyrano[4.3- 
cjpyrazol-8-yl)carbony]J-l t 3-cycIohexanedione i'.S-dioxide (mixture partner A, 
generally applied at a rate of 4 to 280 g/ha, preferably applied at a rale of 8 to 70 g/ha) 
in combination with: 
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1 


Preferred 




Preferred 








Ratio 


Use Rate 


Use Rate 


Combination 




Ratio Ranee 


Range 


Range of j 
1 


Ranee 


Number 


Mixture Partner B 


of A:B 


of A:B 


B (e/hni i 


of B (iz/ha) 


1 


rimsu Huron 


1:5-300:1 


1:1-70:1 


1-20 


t-IO 


2 


thit'ensu Huron-methyl 


1:2-300:1 


1 : t -70: 1 


1-10 


1-5 


3 


nicosu Huron 


1:10-300:1 


1:1-70:1 


1-50 


1-10 


4 


i 

rimsulfuron 
in combination with 


1:5-300:1 


1:1-70:1 


1 

1-20 i 


1-10 




nicosulfuron 


1:10-300:1 


1:3-70:1 


1-50 


l - in 


5 


rimsulturon 
in combination with 


1:5-300:1 


1:1-70:1 


1-20 


, 1 -10 




thifensulfuron-methvl 


1:2-300:1 


1:1-70:1 


1-10 


1-5 


6 


prosulfuron 


1:10-300:1 


2:1-70:1 


! I -50 


1-10 


7 


prosulfuron 
in combination with 


1:10-300:1 


2:1-70:1 


1-50 


1-10 




primisulfuron 


1:10-300:1 


2:1-70:1 


1-50 


MO 


8 


atrazinc 


1:500-3:1 


1:25-1:1 


100-2000 


100-500 


9 


terbuthvlazinc 


1:500-3:1 


1:25-1:1 


100-2000 


; 100-500 


10 


dicamba 


1:125-30:1 


1:5-7:1 


! 10-500 


10-100 


1 1 


2.4-D 


1:250-6:1 


1:25-1:1 


j 50-1000 


! 50-500 


12 


bromoxvnil 


1:250-6:1 


! 1:25-1:1 


1 

| 50-1000 


! 50-500 

H 


13 


ima/cthapvr 


1:25-300:1 


1:2-14:1 


' 1-1 00 


'5-50 


14 


ylvphosaie 


1:250-6:! 


1:25-!:; 


: 50-1000 


50-500 


15 


! glufosinatc 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 


16 


| clvphosate-trimesium 


1:250-6:1 


1:25-1:1 


50-1000 


5O-50O 



ft 2-t(4,5-dihydro-2JJ0-trimethyl-2W 
yncarbonyI]-5-methyl-l,3-cyclohexanedione S,S-dioxide (mixture partner A. generally 
applied at a rate of 4 to 280 g/ha, preferably applied at a rate of 8 to 70 g/ha) in 
5 combination with: 
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Preferred 




Preferred 








Ratio 


Use Kate 


Use Rat? 


Combination 




Ratio Ranuc 




Range of 


Range 


Number 


Mixture Partner B 


of A:B 


of A:B 


B (a/hai 


of B (e/ha) 


1 


rimsulfuron 


1 :5-300: 1 


1:1-70:1 


1 - 20 


1-10 




thifensult'uron-methyl 


1 :2-300: 1 


t . t - / O. I 


. 1-10 


l-S 


3 


nieosulfuron 


1:10-300:1 


1:1-70:1 


I -50 ! l-io 


4 


rimsulfuron 


1 :5-30(): 1 


r i - 7f )■ i 


1-20 


1-10 




II) roinhi nAtir >n vA/ifh 












1 

njcosu Huron 


] i o inn* i 

1 . l\J- JUU. J 


J .!-/(); I 


! 1-50 


1-1(1 


5 


rimsulfuron 


1:5-300:1 


1:1-70:1 


1-20 


1-10 




in combination with 












thitensulfuron-methvl 


1 -lOO- 1 

1 .*.* J\/W. i 


1-1 ~7(\- 1 


1-10 


1-5 


6 


prosulfuron 


|-in ~ton- i 


^ 1 "7 1 \ . 1 

- . 1 - / \): 1 


1-50 


1-10 


7 


prosul furon 




"> • 1 "7/1.1 


1 - . 7 U 


1- 1 f ) 




in combination with 












pnmisulfuron 


1: 10-300: 1 


2; | -70: | 


1-50 


1-10 


8 


atrazine 


1:500-3: 1 


1 - ^S. i - 1 


100-2000 


100-500 


9 


terbuthvlazinc 


1 :500-3:l 




100-2000 


100-500 


1(1 


dicamba 


1 : 125-30: 1 




10-500 ! 


10-100 


1 1 


2.4-1) 


1 :25()-6: 1 




50-1000 ! 


50-50(1 


12 


bromoxvnil 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 


13 


imazcthapvr 


1:25-300:1 


1:2-14:1 


1 - 1 00 


5-50 


14 


glvphosate 


1:250-6:1 


1:25-1:1 


50-1000 j 


50- 5no 


15 


glufosinate 


1:250-6:1 


1:25-1:1 


50-1000 


50-500 


16 


glvphosate-trimesium 


1:250-6:1 


1:25-1:1 


50-1000 i 


50-500 



10 



A hcrbicidally effective amount of the compounds of this invention is determined 
by a number of factors. These factors include: formulation selected, method of 
application, amount and type of vegetation present, growing conditions, etc. In general, 
a hcrbicidally effective amount of compounds of this invention is 0.001 to 20 kg/ha with 
a preferred range of 0.004 to 1.0 kg/ha. One skilled in the art can easily determine the 
herbicidally effective amount necessary for the desired level of weed control. 
The following Tests demonstrate the control efficacy of the compounds of this invention 
against specific weeds. The weed control afforded by the compounds is not limited, 
however, to these species. See Index Tables A-D for compound descriptions. The 
following abbreviation is used in the Index Tables which follow: Ph = phenyl. The 
abbreviation "dec." indicates that the compound appeared to decompose on melting. 
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The abbreviation "Ex/' stands for "Example" and is followed by a number indicating in 
which example the compound is prepared. 

Index Table A 

Rl 

/ 




Cmpd 


Ei! 




R 




n 


m.p. ( Q C) 


1 


H 


H 


OH 


CH 3 


*- 


228 (dec.) 


T 


H 


H 


OH 


CH1CH3 


1 


205 (dec.) 


3 


H 


H 


OH 


CH(CH 3 ) 2 


~> 


92 (dec.) 


4 


H 


H 


OH 


CH2CH2CH3 




104 (dec.) 


5 


CH 3 


CH 3 


OH 


CH 3 


- 


106 (dec.) 


6 


CH 3 


H 


OH 


CH 3 


2 


>210 


7 


H 


H 


OH 


CH 3 


0 


98 (dec.) 


8 


H 


H 


OH 


CH 3 


1 


.95 (dec.) 


9 


H 


H 


CI 


CH 2 CH 3 


? 


157-159 (dec 


10 


H 


H 


OCH 3 


CH 2 CH 3 




semi -so lid * 


1 1 


H 


H 


OSQ 2 Ph 


CH 2 CH 3 


~> 


semi -so lid * 


12 


H 


H 


O-Et^NH* 


CH 2 CH 3 


-> 


171-182 


13 


H 


H 


0"K + 


CH 2 CH 3 




208-210 (dec 


14 


H 


H 


0"Na + 


CH 2 CH 3 




210-212 (dec 


32 


H 


H 


OH 


phenyl 




237-240 


33 


H 


H 


(2-CH 3 )phenykhio 


phenyl 




>245 


34 


H 


H 


(2-CI)phenyhhio 


CH 2 CH 2 CH 3 


2 


204-208 


35 


H 


H 


(3-methoxy)phenylthio 


CH 2 CH 2 CH 3 


T 


198-200 


36 


H 


H 


(4-CH 3 )phenylthio 


CH 2 CH 2 CH 3 




218-224 


37 


H 


H 


(2-CH^)phenylthio 


CH 2 CH 2 CH 3 




226-228 


38 


H 


H 


(2,6-diCHphenyhhio 


CH 2 CH 2 CH 3 


1 


190-197 


39 


H 


H 


phenylthio 


CH 2 CH 2 CH 3 




230-233 
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Cmpd 


Ri 


R 2 


Rl 


n 


m.p. ( c O 


15 


CH 2 CH 3 


H 


CH 2 CH 3 


2 


97 (dec.) 


16 


CH 2 CH 3 


H 


CH 3 




133 (dec.i 


17 


CH 3 


H 


CH 3 




1 34 (dec. t 


18 


CH 2 CH 3 


S0 2 CH 2 C1 


CH 3 




oil - 


19 


CH 3 


H 


CH 3 


0 


90-91 (dec. 


20 


CH 2 CH 3 


H 


CH 3 


0 


58 idee » 


21 


CH 3 


H 


CH 3 


t 


semi-solid " 


■*> ~» 


CH 2 CH 3 


H 


CH 3 


1 


124 idcc> 


23 


CH 3 


S0 2 Ph 


CH 3 


~\ 


(dcci 


44 


CH 2 CH 3 


{ 4 - C [ 1 ^ )phe n y 1 su 1 f on y 1 


CH 3 




74-75 


45 


CH 2 CH 3 


Q=0)Ph 


CH^ 


~) 


20X-210 


46 


CH 2 CH 3 


S0 2 CH 3 


CH 3 


"> 


144-190 


47 


CH 2 CH 3 


S0 2 Ph 


CH 3 


1 


oil * 


48 


CH 2 CH 3 


Na 


CH 3 


1 


>230 
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Index Table C 

Cm pd No. Structure m.p. f°C) 

24 CH2CH3 196 (dec.) 
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96 (dec.) 



1 15 (dec. ) 



230-234 (dec.) 
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*See Index Table D tor >H NMR data. 
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Index Table D 

Cmpd No. [ H NMR Data (CDCI3 solution unless indicated othe rwise) 3 

10 5 7.44 (s, IH), 6.78 is. 1H), 438 (s. 2H). 4.2 (q, 2H), 3.1 on. 2H). 2.8 (m. 
2H). 2.71 (s, 3H), 2.54 (s,3H), 2.2 (m. IH), 1.8 (m. 1H ), 1.52:t.3H), 1.48 
(s,3H). 

11 5 7.7-7.3 (m. 6H), 7.1 Us. 1 H), 4.36 (s. 2H>, 4.2 1 (q. 2Hh 3.1 u. 2H>, 2.7-2.5 
(m, SH). 2.2 on, 2H), 1.54 (t, 3H). 

18 57.48(s. 1H). 7.43 (s, lH),7.12(s. 1H). 5.46 is, 2H ). 4.4 I is. 2H). 4.22 <q, 

2H), 3.97 (s. 3H), 2.76 (s, 3H), 2.64 <s, 3HJ, 1.54 tt. 3HJ. 
21 5 7.50 (s, IH), 7.36 is. 1H). 7.2 (s, IH), 4.4 Uk 1 H). 4.0 is. 3H). 3.8 id. IH). 

3.72 (s. 3H). 2.75 (s. 3H). 2.74 fs, 3H). 

30 5 7.29 ts. IH). 6.92 (s. IH). 3.95 (s. 3H), 3.64 u. 2Hi. 2.9-2.74 im. 4Hj. 

2.73 is, 3Hj. 2.44 im . 2H). 2.26 is. 3H). 2.05 On, 2Hi. 

47 5 7.97 (d, 2H), 7,7-7.5 On, 3H). 7.45 ts. IH), 7.34 is. 111). 6.91 1,. IH>. 4.3 

(s, 211), 4.12 (q, 2Hh 3.X6 is, 3H), 2.63 (s. 3Hh 2.51 is. 3H). 1.43 ft. 3Hj. 

a ] H NMR data are in pprn dovvnfield from tetramethylsilane. Couplings are designated 
5 by (s)-singlcL (d)-doublet, (t)-triplet, (q)-quartet, (in)-multiplet. 
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T EST A 

The compounds evaluated in this test were formulated in a non-phytotoxic 
solvent mixture which included a surfactant and applied to the soil surface before plant 
5 seedlings emerged (precmergencc application), to water that covered the soil surface 
(flood application), and to plants that were in the onc-to-four leaf stage (postemergence 
application), A sandy loam soil was used for the preemergence and postemcrgencc 
tests, while a silt loam soil was used in the flood test. Water depth was approximately 
2.5 cm for the flood test and was maintained at this level for the duration of the test. 

10 

Plant species in the preemergence and postemergence tests consisted of 
barnyardgrass (Echinochloa crus-galli), barley (Hordcum vulture), bedstraw (Galium 
aparine). blackgrass (Alopccurus myosuroides), chick weed (Stellana media), cocklebur 
(Xanthium strumanum), corn (Zea mays), cotton (Gossypium hirsutum). crabgrass 

I 5 (Digitaria sangutnalis), downy brome (Bromus teciorum), giant foxtail (Seraria 
faberii), johnsongrass (Sorghum halpense). lambsquarters (Chenopodium album), 
morningglory (Ipomoea hederacea), pigweed (Amaranthus retroflexus). rape (Brassica 
napus). ryegrass (Lolium multifloriun), soybean (Glycine max), speedwell {Veronica 
persica). sugar beet (Beta vulgaris), velvetleaf (Abuiilon theophrasti), wheat {Triticum 

20 aestivum). wild buckwheat (Polygonum convolvulus), and wild oat ( Avena fatua). All 
plant species were planted one day before application of the compound for the 
preemergence portion of this test. Plantings of these species were adjusted to produce 
plants of appropriate size for the postemergence portion of the test. Plant species in the 
flood test consisted of nee (Oryza sativa). umbrella sedge (Cyperus difformis). duck 

25 salad (Heteranthera limosa), barnyardgrass (Echinochloa crus-galli) and Late 
watergrass (Echinochloa oryzicoia) grown to the 2 leaf stage for testing. 

All plant species were grown using normal greenhouse practices. Visual 
evaluations of injury expressed on treated plants, when compared to untreated controls, 
30 were recorded approximately fourteen to twenty one days after application of the test 

compound. Plant response this ratings, summarized in Table A, were recorded on a 0 to 
100 scale where 0 is no effect and 100 is complete control. A dash (-> response means 
no test result. 
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Table A COMPOUND 



Rate 250 g/ha 


1 


19 


28 


P 0 S T EM E RG ENC E 








Barley Tgri 


90 


- 


15 


Barnyard 2 


ICC 


0 


9 5 


Barr.ya rdgrass 


90 


- 


9C 


Beds traw 


100 


- 


45 


Blackgrass 


95 


- 


4 0 


Chi ckweed 


100 


- 


50 


Cocklebur 


9 0 


- 


8 5 


Corn 


80 


- 


0 


Co::on 


j. o U 


- 


90 


Crabgrass 


90 




9 0 


Downy Bronze 


3 5 


- 


2 5 


Duck salad 


70 


1 5 


6 0 


Giant, foxtail 


9 0 


- 


8 5 


I tain. Ry grass 


85 


- 


0 


J ohnsongr as s 


100 




90 


Lambs quarter 


100 




100 


Morn l ngg 1 o r y 


1 CO 




9 5 


Rape 


100 


- 


8 5 


Red root Pigweed 


95 


- 


9 0 


Rice Japonica 


9 5 


0 


95 


Soybean 


90 


- 


9 0 


Speedwell 


100 




95 


Sugar beet 


100 




10C 


Umbrella sedge 


95 


10 


95 


Velvet lea f 


100 




90 


Watergrass 2 


100 




30 


Wheat 


80 




45 


Wild buckwheat 


100 




65 


Wild oat 


100 




15 
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Table A 




COK 


Rate 2 50 g/ha 


X 


2fi 


PREEMERGENCE 






Barley Igri 


6 5 


0 


Barnya r dg r a s s 


I 0 0 


2C 


Beds t raw 


r > 


C 


Blackgrass 


6 5 


0 


Chi ckweed 


100 


3 0 


Cocklebur 


1 0 0 


c 


Corn 


1 0 


2 0 


Cotton 


100 


45 


Crabgrass 


100 


100 


Downy Brome 


9 0 


: , 


Giant f oxtai 1 


100 




Italn. Ry grass 


80 


t 


J ohnsongr as s 


100 


n 


Larribscua rter 


100 


9 5 


Morn i ngglory 


c. r, 


5 0 


Rape 


3 0 


2 0 


Redroot Pigweed 


10 0 


9 0 


Soybean 


7 0 


60 


Speedwe! 1 


1 0 0 


9 5 


Sugar beet 


; o o 


100 


Velvet: lea f 


*: 00 


100 


Wheat 


0 


0 


Wild buckwheat 


3 0 


5 5 


Wild oat 


S 5 


0 
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Table A 








Rate 125 g/ha 






3 


postemergence 








Barley Igri 


30 


7 0 


3 0 


Barnyard 2 


100 




SO 


Barnyardgrass 


90 


95 


95 


Beds t raw 


95 


80 


9 0 


Elackgrass 


95 


95 


60 


Chickweec 


100 


100 


100 


Cockleb-r 


9 0 


9 0 


9 0 


Corn 


SO 


10 


0 


Cotton 


100 


100 


90 


Crabgrass 


9 0 


95 


90 


Dov/ny Brome 


8 5 


9 0 


60 


Duck salad 


7 0 


~ 


50 


Giant foxtail 


90 


9 5 


70 


I tain. Rygrass 


B5 


7 5 


5 0 


Jchnsongra s s 


95 


100 


9 0 


lambsquarter 


100 


100 


9 5 


Morn i nag lory 


100 


90 


9 0 


Rape 


100 


9 0 


8 0 


Redrooc Pig we e d 


9 5 


9 0 


9 0 


Rice Japonic a 


95 




55 


Soybean 


90 


90 


9 0 


Speedwe 1 


100 


100 


100 


Sugar beet 


100 


1 CO 


100 


Umbrella sedge 


95 


- 


50 


Veivetieaf 


100 


10C 


100 


Watergrass 2 


95 




8 0 


Wheat 


70 


90 


5 0 


W rid buc k wh eat 


100 


95 




Wild oat 


100 


100 


65 
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COMPOUND 



12 


14 


16 


19 




2 6 


7> Z 


55 


6 5 


0 




0 


10 


_ 


90 






10 


15 


2 5 


SO 


100 


95 


100 




90 


90 


9 0 


3 0 


90 


100 




*?0 


7 0 


4 5 


35 


90 


30 




0 


3 0 


3 5 


100 


100 


100 








50 


95 


95 


100 




9 0 


9 0 


.8 5 


0 


10 


5 5 




10 


20 


0 


100 


100 


100 


— 


7 0 


9 0 


9 0 


95 


95 


1 0 0 




85 


50 


90 


60 


90 


65 




0 


0 


25 


90 




_ 


0 


10 


7 0 


35 


9 5 


95 


100 




60 


7 0 


•' ^ 


9 5 


70 


Q 




0 


0 


0 


SO 


9 5 


90 




2 0 


4 'J 


SO 


1 0 0 


100 


9 5 




9 0 


9 0 


:oo 


9 0 


90 


9 0 




40 


9 0 


9 0 


~ 


95 


^ :j 




5 0 


9 0 


8 5 


:oc 


95 


95 




9 0 


80 




90 






0 


0 


6 0 


95 


95 


9 0 


5 0 


- 


5 5 


6 0 


90 


100 


100 


100 


— 


8 0 


70 


85 


100 


100 


100 


- 


- 


- 


100 


9 0 






2 5 


50 


85 


90 


1 0 0 


100 


100 




9 0 


90 


90 


7 0 


85 


o 




0 


0 


3 0 


B0 


9 0 


70 




0 


6 0 


65 


95 


100 


95 




0 


2 0 


0 
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Table A COMPOUND 



Rate 125 g/ha 


1 


2 


3 


12 


14 


15 


25 


2 6 


9 P 


PRE EM ERG ENC E 




















Barley Igri 


0 


o 


0 


0 


0 


'o 


0 


Q 


o 


Barnyardgrass 


100 


9 5 


7 0 


95 


100 


.:. u 


Q 


c n 
-j u 


10 


Beds craw 


3 0' 


5 0 


1 0 


70 


^■5 


90 


0 ** 




' 0' 


Slackgrass 


_L 0 


2C 


10 


r. 


1 0 


1 0 




3 0 


G 


Chi ckweed 


9 5 


10 0 


9 0 


100 


10 0 




Q 


100 


30 


Coc>:lebur 


100 


"> r 


7 5 


3 5 


4 0 


2 0 


p. 


o 


0 


Corn 


Q 


0 


0 


n 


0 . 


f\ 


o 




0 


Cotton 


10C 


50 


2 0 


3 0 


3 0 


i. 'J 


2 0 


4 0 


3 5 


Crabgrass 


ICO 


100 


1 00 


100 


10 0 


1 C 0 


0, 


7 0 


6 5 


Downy Erome 


4 0 


° 


o 


9 r ~ 


5 5 


Q 




0 


0 


Giant foxtail 


100 


9 0 


4 0 


SO 


9 0 


9 0 . 


■ r-. 


"3 0 




I tain. Rygrass 


sc. 


G 


3 0 


0 


3 0 


0 


10 






Johnsongrass 


95 


7 5 


3 0 


70 


6 0 


30 


■0 


2 0 


o ■ 


LarriDS quarter 


10C 


1 C 0 


100 


100 


100 


10 0 




9 5 


95 


Morn ingglo ry 


■ 4 0 


4 0 


6 0 


100 


6 0 


4 0 : 


o 


40 


50 


Rape 




8 5 


2 0 


- 




... o 


0" ' 


0 


0 


• Red root Pigweed 


100 


- 


9 0 




- 


80 


0 


' 7 fi 


SO 


Soybean 


7 0 


3 0 


3 0 


40 


40 


o '■ 


10 


i o 


5 0 


Speedwell 


100 


100 


9 5 


100 


100 






3 0 


5 0 


Sugar beet 


10C 


100. 


1 0 0 


10 0 


.100 


9.0 






10 0 


Velvet leaf 


100 


100 


10 0 


1 C 0 


10C 


1 0 0 






100 


Wheat 


. 0 


" 3 0 


0 


c 


3 5 


c 








Wild bu c kv;he a t 


: io 




10 


2 0 


20 


0 




v. o 


10' 


Wild oat 


■ 80 


3 0 


4 0 


0 


25 


0 






0 



BNSDOCID: <WO___971 9087A1_I_> 



WO 97/19087 



Table A 



Rate 6 2 g/ha 


1 


2 


~> 


POST EM ERG ENC E 








Barley Igri 


70 


25 


2 0 


Barnyard 2 


95 




75 


Barnyardgrass 


9 0 


95 


9 5 


Beds t raw 


9 5 


90 


80 


Blackgrass 


,90 


60 


50 


Chi c > weed 


100 


100 


10C 


Cocklebur 


9 0 


9 0 


9 0 


Corn 


SO 


■ 2 0 


0 


Cot 'on 


100 


100 


90 


Crabgrass 


90 


9 0 


9 0 


Downy Brome 


so 


6 5 


3 0 


Duck salad 


5 0 




3 0 


Giant fox call 


90 


90 


50 


I tain. Rygrass 


6 0 


7 0 


2 0 


John s o nc r as s 


95 


5 0 


9 0 


Lambs quarter 


100 


100 


95 


Morn mgqlory 


9 5 


9 5 


9 0 


Rape 


9 5 


95 


SO 


Redroot Pigweed 


9 5 


9 5 


9 0 


Rice Japonica 


90 




35 


Soybean 


9 0 


9 0 


80 


Speedwell 


10 0 


100 


100 


Sugar beet 


100 


100 


1 00 


Umbrella sedge 


95 




40 


Velvet leaf 


100 


100 


100 


Wa ter grass 2 


95 




7 0 


Wheat 


45 


50 


40 


W i 1 d bu c kwhe a t 


3 0 


80 


85 


Wild oat 


1C0 


95 


50 
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COMPOUND 



4 


12 


1 4 


1 6 


1 8 


1 9 


2 4 


J ^ 




^ •"- 


10 


45 


4 5 


0 


0 




<L ' J 


U 


0 


i r. 


3 0 


9 0 






1 0 0 




0 


1 0 


± \J 


A t: 
-i j 


9 0 


100 


95 


10 0 


9 0 




9 0 


9 0 


9 0 


9 0 


70 


80 


90 


9 5 


90 




SO 


6 0 


7 0 


4 0 


50 


75 


9 0 


7 0 


60 




6 0 


0 


3 0 


2 0 


90 


100 


10 0 


100 


95 




9 5 




7 0 


50 


9 0 


9 5 


9 0 


100 


9 0 




9 0 


9 0 


SO 


8 0 


0 


0 


5 


4 5 


45 




0 


1 0 


1 0 


0 


95 


100 


100 


10 0 


1 0 0 




8 0 


6 0 


8 0 


9 0 


9 5 


90 


90 


90 


9 0 




9 G 


8 0 


5 C 


9 0 


3 0 


3 0 


30 


2 0 


6 0 




7 5 


0 


Q 


1 0 


4 0 


7 0 






7 0 




C 


0 


c 


3 5 


7 0 


9 0 


90 


9 0 


90 




SO 


5 0 


6 0 


5 0 


3 0 


6 0 


5 0 


0 


3 0 




1 c 


0 


0 


0 


7 0 


SO 


9 0 


7 0 


100 




7 0 


2 0 


3 5 


60 


0 0 


100 


100 


9 5 


1 C 0 




9 0 


7 0 


9 0 


100 


SO 


9 0 


9 0 


9 0 


90 




9 0 


3 C 


9. 5 


90 


7 0 




9 0 


1 0 


0 






3 0 


5 0 


4 0 


9 0 


9 5 


SO 


9 0 


9 0 




7 5 


90 


7 0 


9 0 


5 0 


SO 






2 5 


2 0 




C 


5 0 


_ ~> 


9 0 


9 5 


9 0 


4 0 


6 0 




9 0 


5 5 


5 0 


9 0 


0 0 


100 


9 5 


100 


10 0 




1 C 0 


4 0 




8 ' 


0 0 


100 


100 


100 


S 0 










100 


90 


8 0 






7 0 


0 


0 


3 0 


6 0 


2 ~ 


90 


100 


100 


10 0 


90 




90 


3 5 


8 0 


9 0 


2 5 


















3C 


3 0 


65 


75 


C 


10 




20 


0 


0 


2 0 


80 


70 


90 




3 0 




0 


c 


20 


6 5 


60 


95 


95 


95 


60 




70 


0 


0 


0 
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Table A 

Rate 62 g/ha 

PREEMERGENCE 

Barley Igri 

Barnyardgrass 

Beds craw 

Blackgrass 

Chickweed 

Cocklebur 

Corn 

Co t ton 

Crabgrass 

Downy Brorr.e 

Giant; foxtail 

I ti a 1 n . Hygras s 

Johnsongrass 

Lambsquarter 

Morn ingg lory 

Rape 

Redroot Pigweed 
Soybean 
Speedwell 
Suga r beet 
Velvet leaf 
Wheat 

W i 1 d bu c k w h e a t 
Wild oa; 
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90 


100 


100 




0 0 
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0 
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0 


0 


70 


30 
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COMPOUND 
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3 C 
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1 0 0 


i C 0 


so 
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24 2^ 2 6 28 
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0 0 0 40 
100 0 3 0 80 
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100 0 0 60 
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Table A 








Race S g/ha 


1 




4 


POSTEMERGENCE 








Barley Igri 


35 


0 


0 


Barnyard 2 


35 


4 0 


10 


Barnyardgrass 


95 


9C 


9 0 


Beds craw 


6C 


0 


5 0 


Blackgrass 


6 0 


1C 


0 


Chickweed 


9 5 


9 0 


7 0 


Cocklebu r 


1G0 


9 0 


7 0 


Corn 


5 5 


- 


0 


Get tor: 


100 


9 0 


85 


Crebgras s 


9 0 


? 5 


7 0 


Downy Erome 


40 


0 


■ 0 


Duck salad 


30 


0 


10 


Giant: f oxtai 1 


9 0 


35 


2 0 


I tain . Rygras 3 


3 0 


1C 


0 


Johnsongrass 


9 5 


£5 


3 0 


Lambsquarter 


8 5 


95 


9 0 


Horningg lory 


90 


90 


3 0 


Rape 


- 


7 5 


10 


Redroor. Pig w eec 


90 


90 


6 5 


Rice Japonica 


35 


10 


10 


Soybean 


90 


7 0 


7 0 


Speedwell 


90 


7 0 


80 


Sugar beet 


100 


100 


90 


Umbrella sedge 


2 0 




20 


Velvet leaf 


100 


100 


70 


Watergrass 2 


25 


10 


0 


Wheat 


10 


0 


0 


Wild buckwheat. 


60 


65 


30 


Wild oat 


9C 


25 


10 



177 



COK POUND 





6 


1 2 


1 4 


1 h 


1 o 




"V "7 
^ i 




3 i- 


3 0 


5 0 


4 0 


1 0 




0 








-L O 


1 0 


0 


1 0 




I 5 


0 




1 J 


I' 




9 0 


9 5 


9 5 


9 0 


9 0 


r J 








J 1 ^ 


90 


40 


1 0 


3 0 


8 0 


8 0 


6 0 


50 


4 0 


_< : .; 


60 


8 0 


0 


4 0 


1 C 


2 0 


3 0 


2 0 


J- 0 


4 0 


9 0 


80 


7 5 


9 0 


7 5 




9 0 




8 0 




90 


9C 


6 5 


5 5 


9 0 


9 0 


6 5 


90 


9 0 


60 


C 


0 


0 


0 


1 5 


5 


0 


1 5 


0 


n 

\j 


6 0 


90 


9 5 


9 0 


7 0 


4 0 


7 0 


7 0 






9 0 


3 5 


60 


7 5 


S 0 


•8 5 


SO 


8 C 


8 5 


8 0 


7 0 


3 0 


C 


3 5 


•j 


L- 


1 0 


0 


3 0 


2 0 




10 


0 




1 0 


v! 


c 


0 




J 


7 0 


7 5 


4 0 


55 


7 5 


4 0 


3 5 


4 0 


7 5 


0 'J 


2 0 


0 


0 


2 0 


0 


0 


0 


0 


2 0 


U 


7 0 


6 5 


35 


7 0 


4 0 


3 5 


2 0 


7 0 


8 0 




9 0 


9 5 


6 5 


8 5 


5 0 


8 0 


2 0 


7 0 


8 0 


5 0 


9 0 


HO 


6 5 


9 0 


4 C 


1 5 


9 0 


4 0 


a r\ 

4 u 


D L 


8 0 


0 




3 0 


0 


0 


3 0 


3 0 


/ i- 


j. -J 


8 5 


6 0 


6 0 


8 0 


7 0 




5 0 


8 0 


5 5 


7 0 




10 




- 


15 


0 


c 


■< 






75 


&0 


7 0 


8 5 


4 C 


1 5 


7 0 


7 5 


-j .-1 


/ u 


6 0 


so 


70 


85 


6 0 


7 0 


7 0 


7 0 


C 


8 C 




9C 


95 


10 0 










100 




0 


20 


50 




20 


0 


0 


0 


0 


0 


90 


90 


95 


9 5 


90 


8 0 


p ~ 


80 


9C 


90 


35 


SO 


0 


35 


0 


0 


0 


10 


10 


15 


30 


5 0 


3 0 


35 


4 0 


0 


0 


2 0 


2 0 


0 


55 


90 


20 


7 0 


0 


10 


3 5 


"5 Q 


7 0 


5 0 
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Table A COMPOUND 

Rate S g/ha 1 2 4 5 6 12 14 16 1 r. 24 2'- 30 31 

PREEMHRGENCE 
Barley lgri 
3a rnya rdgr as s 

Beds t raw 0 0 - 0 

Blackgrass 0 0 - C 

Chic kwe ed C 0 - 0 



>cklebur 



1 


2 


0 


u 


20 


0 


G 


0 




0 
0 


10 


o 






0 


0 




20 


0 


\j 


10 


0 


0 


0 




o 


5 0 

o 


90 

o 


0 
20 


0 

o 


10 


0 


9 0 

0 


0 
0 


40 




0 


0 


0 


0 


0 


q 



u 





12 


14 


16 


Ic. 


24 


2 3 0 




0 


vj 


0 




0 


C 0 


0 


o 




r 


0 


0 




0 


C \ 


0 


: o 




o 


0 0 


10 

- 


0 

- 


10 
9 5 


o 
o 


: 


o 
o 


C 0 

ZD 




c 




0 




0 










0 




0 






2 0 




0 


1 0 


r : 


0 0 


50 

Q 


10 
q r; 


3 0 

-} r> 


6 0 


40 






10 


o 


Q 


Q 




0 


0 0 


o 






0 


0 


0 





Corn 0 0 0 0 

Cotton 0 0 0 0 

Crabgrass 2 0 2 0 0 
Dow.y Brorr.e 

G i an r: foxtail 10 0 C 10 10 0 0 0 0 0 0 C It 
1" t a 1 . Rygras s 

Johnsongrass 10 0 0 0 0 0 C 0 0 0 

Lambsquarter 5 0 9 0 - 7 0 100 0 100 8 0 6 0 0 
Mo r r: i ng g lor y 

Rape 0 0-0-0 - 0 

Redroot Pigweed 20 0 0 20 - - - SO 

Soybean 10 0 0 0 2 0 0 

Speedwell 90 0 - -100 100 100 

Sugar bee*: 0 0 - - 2 0 9 0 

Ve 1 vet leaf j. :.; o so ho so bC 

Wheat 0 0 - 0 30 

Wild buckwheat 0 0-0 0 

Wild oat 0 0 - 025 025 0 0 0 0 0 0 
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Table A 






Rate 4 g/ha 


1 


2 


POST EM ERG ENC E 






Barley Igri 


0 


0 


Barnyard 2 


30 


25 


Barnyardgrass 


9 0 


9 0 


3ecis:raw 


45 


0 


Biackgrass 


35 


0 


Cr. i ckweed 


= 5 


73 


Cocklebur 


9C 


90 


Corn 


20 


0 


Co* ton 


9 0 


9 0 


Crabgrass 


SO 


3 0 


Downy 3rome 


30 


0 


Duck salad 


20 


c 


Giant foxtail 


90 


65 


[tain. Rygrass 


10 


0 


Jchnsongrass 


95 


6 0 


Lambs qua r t er 


80 


75 


Korningglory 


90 


9 0 


Rape 


0 


i r 

,j ■- 


Recirooc P ; gwee d 


6C 


9 0 


Rice Japor.ica 


2 0 




Soybean 


3 5 


45 


Speedwell 


a 5 


7 0 


Sugar beet 


100 


100 


Umbrella sedge 


10 


c 


Veivecieaf 


100 


ICC 


Watergrass 2 


20 


:o 


Whea t 


0 


0 


W i 1 c buckwheat 


25 


20 


Wild oat 


65 


C 



COMPOUND 



5 


5 


1 6 


27 


3 0 


3 1 


0 


3 0 


0 


0 


0 


0 


0 


0 


10 


0 


0 


0 


90 


95 


9 0 


90 


95 


9 0 


5 0 


3 5 


6C 




4 0 


50 


2 0 


65 


C 


0 


10 


30 


30 


45 






6 0 




SO 


B0 


50 


80 


8 0 


5 0 


G 


c 


10 


10 


0 


0 


60 


SO 


7 0 


70 


4 0 


50 


75 


3 5 


80 


6 0 


6 0 


7 0 


20 


0 


0 


0 


10 


10 


0 


0 


c 


C 


0 


0 


40 


50 


50 


10 


50 


7 0 


15 


0 


0 


0 


0 


0 


5 0 


6 5 


3 0 


4 0 


6 0 


7 0 


SO 


9 0 


7C 


50 


c - 


15 


9 0 


3 0 


4 0 


4 0 


10 


25 


5 0 


0 


0 


2 0 


4 0 


0 


8 0 


4 5 


4 0 


70 


5 0 


7 0 


C 




1 5 


10 


0 


0 


7 0 


7 0 


4C 


7 5 


4 0 


50 




60 


3 0 


7 0 


0 


60 




6 0 






90 




0 


C 


10 


0 


C 


0 


9 0 


9 0 


9C 


80 


9 0 


9 0 



10 


3 5 


0 


0 


0 


10 


30 


0 


0 


10 


30 


7C 


c 


10 


20 
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Table A 








COMPOUND 








Race 4 g/ha 


1 


2 


5 




16 


27 


3C 


-J 1 


PRE EMERGENCE 


















Barley Igri 


0 


0 


0 


J 


0 


0 


0 


0 


Ea r r.ya rdg rass 


u 


0 


c 




0 


0 


o 


0 


Bedstraw 


0 


0 


0 


c 


0 


o 


0 


0 


Clackgrass 


0 


0 


o 


0 


r- 


0 




n 


Chickweed 


0 


0 


0 


~ 


0 


o 


2 5 


c 


Cocklebur 


o 


0 




c 


0 


G 


0 


0 


Corn 


n 


0 


o 




0 




0 


Q 


Cot "on 


0 


o 


0 


■ J 


0 


- . 


0 




Crabgrass 


0 


10 




2 0 


3 C 


0 




o 


Downy Broine 


0 


r. 


o 


0 








r 


Grant foxtail 


o 


o 


0 




0 


0 . 




10 


I tain . Rygrass 


0 


c 


0 


0 


0 


0 


o 


0 


J ohn s o ng r a s s 


0 ' 


0 




: - : 


0 


0 


0 


c 


Lambs quarter 


2C 


70 


0 


1C0 


5 0 


0 


o 


0 


Mo r n i ngg 1 o r y 


0 


r> 


0 


0 


0 


c 


c 


Q 


Rape 




0 


o 


c 


0 








Redroot Pigweed 




0 


1 0 




30 


0 


0 


0 


Soybean 


0 


o 


c 


0 




o 


0 


0 


Speedwell 


2 0 


0 




30 


o 


c 






Sugar beef 


0 


0 




2 0 






c 




Volve tleaf 




0 


40 


fj 




4 0 




2 0 


Wheat r '7 


0 


0 ' 


' c . 


3 C 


o 


0 


0 


0 


W i 1 d . buck vjH eat 


0 


0 






0 


0 




c 


Wi Id oar. 




0 


0 


2 5 


0 




0 


0 
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Table A 


COMPOUND 


TsbiG A 


COMPOUND 


Race 2 g/ha 


1 






POST EMERGE KC E 




i\ ^ . 1 l_j J\ \-J j_ ■ : J i_i 




Ear ley Igri 


C 






Barnyard 2 


3 0 


D a vTTi/a "vr^ it >^ ^4 C: c~ 
rl O L 1 1 y a I LiLj I cto t j 


o 


Barnyardgrass 


90 


D e d s t r a w 


r. 


Beds r. raw 


L 0 


BltiCkCTaSo 




Biackgrass 


3 0 


Chic r: v; e e c 




Chickweed 


7 C 


C o c k 1 e bu r 




Cock lebur 


H 0 


Corn 




Corn 


C 


Cot ton 




C:ccor. 


o 0 


C r a bg r a s s 




Crabgras? 


£ 0 






Downy Brcme 


1 U 


/■'{art f ^. *.' *" Pi ' ~ ; 


c 


Duck salad 


2 C 


T - o 1 T1 f' ■* T s~~x y- ;i C C 

^ w d 1 1 - . ny'Ji c-»o 




Giant foxtail 


8 C 


-J OIhlbu.Aj-.a3o 


o 


Jr. air: . Ry grass 


0 


LalllLbLUd ^ L.C ^ 


2 0 


Joh n sor.grass 


7 0 


Mo r n i rig g 1 c r y 


r> 


larbsquar :er 


4 0 


Rape 


f; 


Mo rningq lory- 


7 0 


Redroot .i g w e e cl 




Rape 


0 






R e d r o o v Pig w e e 6 


D 


^- _U tr t vj 'A tr X _ 


2 0 


Rice Japonic a 


1 u 


jUu ci * Dec l 




Soybean 


8 5 




0 


Speedwei 1 


3 5 


W ntrci I, 


o 


.Sugar beet. 


9 5 


Wild buckwheat 


0 


Umbrella sedge 


C 


W i 1 d oat 


0 


Velvet: leaf 


1GG 






Watergrass 2 


20 






Wheat 


C 






Wild buckwheat 


0 






Wild oat 


40 
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Table A 


COMPOUND 


1 Table A 


COMPOUND 


Rate 1 g/ha 


1 


Rate 1 g/ha 


1 


POST EMERGENCE 




PRE EMERGENCE 




Barley Igri 


0 


Barley Igri 


0 


Barnyard 2 


30 


Barnyardgras s 


0 


Barnyardgrass 


90 


Beds t raw 


o 


Beds t raw 




Blackgrass 


0 


Blackgrass 


10 


Chickweed 




Chickweed 


60 


Cock 1 ebur 


° 


Cocklebur 


80 


C o r n 


o 


Corn 


0 


Cotton 


0 


Cotton 


5C 


Crabgrass 




Crabgrass 


7 0 


Downy Bronze 




Downy Brome 


r. 


Giant foxtail 


c 


Duck salad 


r* 

KJ 


I tain. Rygrass 


0 


Giant foxtail 


60 


Johnsongrass 




I tain. Ry grass 


0 


Lambsquar :er 


10 


Johnsongrass 


50 


Morningglory 




L a n ;b squarter 


2 0 


Rape 




Morn ingg lory 


40 


Redroot Pi gweed 


c 


Rape 




Soybean 


o 


Redroot Pigweed 


3 0 


Speedwell 


I 0 


Rice Japonicd 


1 0 


Sugar beet 




Soybean 


7 0 


V elvetleaf 


0 


Speedwel 1 


3 0 


Whe a t 


o 


Sugar beet 


95 


W lid bu c k w heat 


0 


Umbrella sedge 


0 


'Wild oat 


0 


Velvet leaf 


90 






Water grass 2 


20 






Wheat 


C 






Wild bu c k whe a t 


0 






Wild oat 


35 
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TEST B 

Compounds evaluated in this lest were formulated in a non-phytotoxic solvent 
mixture which included a surfactant and applied to the soil surface before plant 
seedlings emerged (preemergence application) and to plants that were grown for 
various periods of time before treatment (postemergence application). A sandy loam 
soil was used for the preemergence test while a mixture of sandy loam soil and 
greenhouse potting mix in a 60:40 ratio was used for the postemergence test. Test 
compounds were applied within approximately one day after planting seeds for the 
preemergence test, and 13 days after the last postemergence planting. 

Plantings of these crops and weed species were adjusted to produce plants of 
appropriate size for the postemergence test. All plant species were grown using 
normal greenhouse practices. Crop and weed species include alexandergrass 
{Brachiaria plantaginea), american black nightshade (Solatium americanum), apple- 
of-Peru {Nicandra physaloicles), arrowleaf sida (Sida rhombifotia), brazilian sicklepod 
(Cassia tora Brazilian)* brazilian signalgrass (Brachiaria decumbens), eapim-colchao 
(Digiraria horizontolis), cristalina soybean (Glycine max Cnstalina). florida 
beggarweed (Desmodium purpureum), hairy beggarticks (Bidens pilosa), slender 
amaranth (Amaranthus viridis), southern sandur (Cenchrus echinatits), tall 
morningglpry (Ipomoea purpurea), tropical spiderwort (Cotnmelina henghalensis). 
W20 Soybean (Glycine max W20), W4-4 Soybean (Glycine max W4-4) and wild 
pointsettia (Eupohorhia heterophylla). 

Treated plants and untreated controls were maintained in a greenhouse for 
approximately 13 days, after which all treated plants were compared to untreated 
controls and visually evaluated. Plant response ratings, summarized in Table B, are 
based upon a 0 to 100 scale where 0 is no effect and 100 is complete control. A dash 
response (-) means no test result. 
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Table B 


COMPOUND 


Table B 


C 


:ompound 


Rate 2 8C g/ha 


1 


2 


4 


Rate 14 0 g/ha 




2 


4 


POSTEMERGENCS 








POSTEMERGENCE 








Acanchospermum 


1 CO 


100 


100 


Acan~hospermum 


100 


9 0 


1 C 0 


Alexander grass 


100 


100 


100 


Alexander grass 


100 


1 0 0 


100 


Apple-or- Peru 


100 


100 


100 


Apple~o£ - Peru 


10C 


100 


100 


Arrow I ear Si da 


60 


85 


100 


Arrcwleaf Si da 


7 0 


o 0 


100 


B. Signal grass 


1C 0 


90 


100 


B . Si gnaigrass 


100 


o :; 


10 0 


Bl . N ig'r.z shade 


1 0 0 


100 


100 


B 1 . N cj h z s hade 


- r-, n. 


j 0 0 




Braz Sicklepod 


6 0 


65 


100 


Braz Sickle pod 


a r. 




5 0 


Capim-Colch 


1C0 


10 0 


100 


Cap im-Cclch 


100 


■ i -J, 


1 0 0 


Crisi . S oy be a n 


9 5 


8 5 


9 0 


C r is- . S oy be a n 


i\ o 




Q r ' 


El . Beg gar weed 


1 0 0 


1 C 0 


1 0 0 


Fl . Beggarweed 


10 0 


1 f j c 




K. Beggarticks 


95 


1C0 


100 


H . Beggarticks 


8 0 


ft 0 


1 0 0 


Ko rn i ngg lory- 


100 


9 0 


75 


Morningg lory 


1 C 0 




_ J u 


Si . Area ran ch 


: o o 


1 0 0 


80 


S 1 . toranth 


10 0 


H 5 


B0 


Tr . Spiderworc 


iOG 


100 


100 


?r . Spiderwort 


8 5 




9 C 


Wl d ?ointset:ia 


100 


100 


100 


Wld Poin.settia 


100 


1 0 0 


100 


VI 2 C Soybean 


8 5 


30 


90 


W2 0 Soybean 


9 0 


8 5 


9 0 


W4 - 4 Soybean 


9 5 


80 


100 


W4-4 Soybean 


9 5 


R 5 


100 
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Table B 


COMPOUND 


Table B 


COMPOUND 


Rate 7 0 g/ha 






4 


Rate 3 5 g/ha 


1 




4 


POST EMERGENCE 








POSTEMERGE13CE 








Acant ho s p e rrr.um 


10 0 


9 0 


100 


Acar. t ho s pe r mum 


ICC 


5 0 


100 


Alexandergrass 


1 0 c 


100 


85 


Alexandergrass 


100 


95 


75 


Apple-of 7 Peru 


*i r< p. 

J. U -j 


± V v^' 


ft 0 


Apple -o f - Per-.: 


7 0 


100 


70 


Arrow leaf Si da 


c ^ 




_L «_! (J 


Arrow leaf Si da 


50 


6 5 


10 0 


B. Signal grass 








B. Signalgrass 


90 


SO 


7 0 


31. Nightshade 


1 0 0 


* n n 

U ij 


inn 
1 U 0 


Bl . Nightshade 


1 0 0 


1 0 c 


10 0 


Braz Sicklepod 


r> 


T n 




Braz Sicklepod 


1 5 


1 5 


2 0 


Capim-Colch 




' _* 


i n n 
X <j 


Capim.-Coich 


?,0 


6 r. 


SO 


Cr isc . Soybean 


X. L 






Crist'. . Soybean 


\ 0 0 


8:' 




E 1 . Beggarweed 


100 


3 C 




El . Beggarweed 




r C 




H. Beagarticks 


~ r. 


7 0 


80 


H. Begcar:;:ck? 


7 0 


6 


r 


Morn ir.gg lory 


101 


3 5 


1.00 


Morn incq lory 


100 


7 0 


85 


31 . Amaranth 


75 


3 0 


7 0 


31 . Amaranth 


75 


6 5 


65 


Tr . Spider wort 


SO 


6 5 


85 


Ti: . S p i d e r wo r t 


7 5 


6 5 


6 0 


Wld ?oin:setuia 


100 


10C 


100 


Wld Poincsettifi 


100 


100 


85 


V72C Soybean 


90 


85 


8 5 


W2 0 Soybean 


9C 


8 5 


8 5 


W4-4 Soybean 


9 0 


85 


90 


W4-4 Soybean 


9 0 


8 5 


9 0 
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Table B COMPOUND 



Rate 17 g/ha 


1 


2 


4 


PO 3 TEX ERG EMC E 








Acanthospe r rr.um 


100 


70 


85 


Alexandergrass 


100 


9C 


70 


Apple -of -Peru 


70 


100 


60 


Arrowleaf Sida 


6 0 


6 5 


70 


E. Signalgrass 


85 


7 0 


70 


Bl . Nightshade 


/ ^ 


85 


100 


Bra: Sicklepod 


10 


15 


15 


Capirn- Co Ich 


70 


4 0 


5 5 


Cr :s: . Soybean 


100 


"7 C 


80 


Fl . Beggarweed 


8 0 


3 0 


100 


H . Beggar ticks 


6 5 


5 5 


65 


Morni ngglory 


8 0 


65 


75 


SI . Amaranth 


6 5 


6 5 


55 


Tr . Spiderwort 


6 0 


6 0 


5 0 


Wld Pointsettia 


7 0 


85 


75 


W2 0 Soybean 


85 


75 


85 


W4 - 4 Soybean 


85 


7 5 


S5 



186 

•Table B COMPOUND 



Rate 8 g/ha 


1 


2 


4 


POST EMERGENCE 








Acanthospermum 


9 0 


70 


8 0 


Alexandergras s 


8 5 


80 


60 


Apple- of -Peru 


6 5 


100 


40 


Arrowleaf Sida 


5 0 


6 5 


50 


B. Signalgrass 


a o 


5 0 


65 


Bl . Nightshade 


7 C 


85 


8 0 


Bra: Sicklepod 


o 


10 


10 


Capirn- Col ch 


D i' 


^ "Zi 


2 5 


Crist . Soybean 


80 


' "j 


c \ 


Fl . Beggarweed 


8 


7 0 


i 0 C 


H . Beggar ticks 




L ". "~) 


6 0 


Mornir.gg lory 






5 5 


S 1 . /ana ranch 


6 C 


6 0 


D 0 


Tr . Spicerwor: 


4 0 


4 0 


3 5 


Wld Point set nia 


/ u 




5 0 


V32 0 Soybean 


V 5 




rj I" 


W4 - 4 Soybean 


8 5 


6 5 


6 5 
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TEST C 

Compounds evaluated in this test were formulated in a non-phytotoxic solvent 
mixture which included a surfactant and applied to the soil surface before plant 
seedlings emerged (preemergence application) and to plants that were grown for 
various periods of time before treatment (postemergence application), A sandy loam 
soil was used for the preemergence test while a mixture of sandy loam soil and 
greenhouse potting mix in a 60:40 ratio was used for the postemergence test. Test 
compounds were applied within approximately one day after planting seeds for the 
preemergence test. 

Plantings of these crops and weed species were adjusted to produce plants of 
appropriate size for the postemergence test. All plant species were grown using 
normal greenhouse practices. Crop and weed species include American black 
nightshade (Solanum americanum), arrowleaf sida (Sida rhombifolia), barnyardgrass 
(Echinochloa crus-galli), cocklebur (Xanthium srrumarium), common lambsquarters 
(Chenopodxum album), common ragweed (Ambrosia arteniLsii folia), corn (Zca mays). 
cotton iGossypiian hirsutum), eastern blaek nightshade (Solanum ptycanihum). fall 
panicum (Panicum dichoiomiflorum). field bindweed (Convolvulus arvensis), Florida 
beggarwecd (Desmodium purpureum), giant foxtail (Setaria faberii), hairy beggarticks 
(Bidens pilosa), ivyleaf morningglory (Jpomoea hederacea)* johnsongrass (Sorghum 
halepense), ladysthumb (Polygonum persicaria), large crabgrass (Digiiaria 
sanguinalis ), purple nutsedge (Cyperus rotundus). redroot pigweed (Amaranthus 
retroflexus), soybean (Glycine max), Surinam grass (Brachiaria decumhens), 
vclvctleaf (Abutilon theophrasti) and wild poinsettia (Euphorbia hetcrophylla). 

Treated plants and untreated controls were maintained in a greenhouse for 
approximately 14 to 21 days, after which all treated plants were compared to untreated 
controls and visually evaluated. Plant response ratings, summarized in Table C. were 
based upon a 0 to 100 scale where 0 was no effect and 100 was complete control. A 
dash response (-) means no test result. 
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Table C 


COMPOUND 


Table C 


COMPOUND 


Rate 280 g/ha 






Rate 2 80 g/ha 


*" 




POST EMERGENCE 






PREEMERGENCE 






Arr ov/leaw Sick 


1 t 




'■■ Arrbwleaw Sida' 


9 5 


10C 


Bar ny a rdgr ass 


j- 0 0 


iUU- 


Barnyardgrass 


1 0 0 


9 0 


Cocklebur 






Cocklebur 


9 5 


55 


Common "Ragweed 


1 n n 


l nn 


Common Ragweed 


10C 


100 


Corn 


± u 


1 A 
1 0 


Corn 


0 


C 


Cot ton 


10 0 


1 00 


Cotton 


100 


2 5 


Es t rn Biknight 


1 U U 


i oo 


Estrn Biknight 






Fa 11 Pan .1 cum 


1 A A 

L 0 u 


1 0 0 


Fall Pan i cum 


1 0 0 


1 0 0 


F i. e 1 d B i rrdwc e d 




Ci 't 

y j 


Field Bindweed ■ 


sc 


9 0 


Fl Beggarweed 


■10C 


100 


Fi -Beggarweed 


1 0 0 


1 0 0 


Giant Foxtail 


> ^ r\ 
^ 0 


100 


Giant Foxtail 


100 


100 


Hairy Beggartic 


75 


7 0 


Hairy Begqartic 


ICQ 


6 0 


I vy 1 e a w M rnglry 


10 0 


100 


I vy lea w M r ng 1 r y 


5 5 


6 5 


Johnsongrass 


9 5 


8 0 


Johnsongrass 


7 5 


■ .5.5 


Ladys thumb 


1 A A 
1 U U 


1 U vJ 


ladys thumb 


1 0 0 


1 C:0 


L a mb s q u a r t e r s • 


ICC 


100 


Lambs qua r ters 






L. a r g e C rabg rass 


•ice 


100 


1. a r.g e C rabgrass 


100 


100 


Purp 1 e Nu tsedg e 


90 


7 5 


Purple Nut sedge 


30 


6 0 


Redroo't Pigweed 


100 




Redroot Pigweed 


10C 


100 


Soybean 


100 


100 


Soybean 


7 0 


2 0 


Surinam Grass 


ICC 


10 0 


Surinam G r ass. 


100 


9 0 


Velvet leaf 


ICC 


10 0 


Velvet leaf 


100 


100 


Wild Poinsettia 


1C0 


100 


Wi Id Poinsettia 


9 5 


90 
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Table C COMPOUND 



Rate 140 g/ha 






4 


5 


POSTEMERGENCE 










A r r ov; 1 eaw 5 i da 


ICG 


5 0 


55 


60 


Barnyardgrass 


100 


100 


9 5 


100 


Cocklebur 


100 


1 0 0 


100 


95 


Common Ragweed 


100 


100 


100 


100 


Corn 


0 


0 


0 


45 


Cot ton 


100 


1C0 


90 


95 


Estrn Blknight 


100 


100 


100 


100 


Fall Panicu- 


100 


95 


95 


100 


Field Bindweed 


100 


95 


85 


100 


Fl Beggar weed 


100 


100 


100 


100 


Giant Fox~ai 1 


1 00 


100 


95 


100 


Hairy Beggartic 


35 


55 


65 


95 


T vy lea w Mrngir y 


8 0 


1 C 0 


95 


100 


Johnsongrass 


100 


S5 


7 0 


100 


Lady s thumb 


;oo 


100 


100 


100 


Lanibsquarters 


100 


100 


100 


95 


Large Crabgrass 


9 0 


9 5 


95 


100 


Purple Nut sedge 


85 


6 0 


45 


20 


Redroot Pigweed 


100 


100 




1C0 


Soybean 


I 0 0 


100 


1 0 0 


9 5 


Surinam Grass 


100 


9 0 


90 


9 0 


Velvetleaf 


100 


100 


100 


100 


Wild Po inset tia 


ICC 


100 


100 


100 
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Table C 


COMPOUND 


6 


Rate 14 0 g/ha 


1 




4 




PRE EMERGENCE 








90 


Arrowleav; Si da 


100 


4 0 


45 


100 


Barnyardgrass 


1 0 0 


1 0 0 


25 


100 


Cocklebur 


9 0 


7 5 


4 0 


100 


C o mm on Ragweed 


100 


100 


95 


5 


Corn 


o 


o 


o 


100 


Cotton 


4 5 


6 5 


1 0 


100 


Estrn Blknight 


100 


100 




100 


Fal 1 Panicuir. 


10 0 


10 0 


10 0 


90 


Field Bindweed 


5 0 


5 0 


55 


100 


Fl 3eggarweed 


100 


100 


100 


10 0 


Giant Foxtail 


1 0 0 


9 5 


70 


100 


Hairy Beggar tic 


1 0 


9 0 


3 5 


100 


I vy lea w M rnclr y 


7 0 


30 


25 


10C 


Jchnsongrass 


9 q 


4 5 


1 5 


10C 


Ladys thumb 


1 0 0 


10 0 


0 0 


95 


Lambs qua r ter s 


9 5 


100 




1 0 0 


Large Crabgrass 


100 


100 


9 0 


100 


Purple Nut sedge 




7 0 


25 


9 0 


Redroot Pigweed 


1 0 0 


1C0 


8 5 


9 0 


Soybean 


6 0 




0 


1 0 0 


Surinam Grass 


100 


5 0 


65 


1 0 0 


Velvetleaf 


100 


100 


100 


100 


Wild Poinsett la 


.1 0 0 


4 5 


3 0 
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Table C COMPOUND 



Rate 7 0 g / ha 


1 


9 


3 




5 


6 


1 6 


31 


POSTEMERGENCE 


















Arrow! eaw S l da 


100 


50 


8 5 


7 0 


60 


8 5 


6 5 


- 


Bamyardgrass 


100 


95 


95 


c» 5 


95 


100 


100 


95 


Coc'-:iebur 


95 


100 


85 


95 


95 


9 5 


95 


60 


C o r?r?> o r : R agweed 


100 


100 


100 


100 


100 


100 


100 


9 5 


Corn 


0 


10 


10 


0 


3 0 


5 


6 0 


f; 


Co tit or. 


100 


95 


85 


9 0 


9 5 


100 


9 5 


95 


Z s c r n Blknight 


100 


100 


100 


q : S 


: oo 


100 


100 


100 


Fa 1 1 Fan i cum 


100 


95 


8 0 


100 


100 


100 


9 5 


95 


Field B i ndweed 


90 


100 


8 5 


6 5 


B0 


6 0 


60 


5 0 


F 1 Becgarweed 


100 


100 


100 


1 0 c 


1 0 0 


100 


100 


95 


Giant Foxtail 


95 


95 


50 


s c 


100 


100 


9 5 


90 


Hairy Beggartic 


70 


65 


7 5 


60 


85 


35 


SO 


90 


Ivyie aw M r n g 1 r y 


3 0 


100 


90 


9 5 


9 5 


100 


1 5 


80 


J o hnsong rass 


95 


10 0 


25 


6 0 


9 5 


100 


5 5 


95 


L a d y sr.humb 


100 


100 


95 


1 r : ft 


1 0 0 


10 0 


100 


100 


LarrJos quarters 


100 


10 0 


100 


100 


9 5 


9 5 


.1 00 


100 


Large Crabgrass 


90 


9 5 


8 0 


so 


100 


100 


Ct c: 


90 


Purple- Nut sedge 


80 


80 


0 




2 0 


95 


9 5 


75 


Red root Pigweed 


1 0 0 


100 


100 


9 5 


100 


9 0 


1 0 0 


100 


Soybean 


100 


1 0 0 


9 5 


9 5 


5 0 


8 5 


^ f! 


8 0 


Surinam Grass 


9 5 


9 5 


8 0 


65 


9 0 


100 


9 0 


90 


Velvetleaf 


100 


100 


100 


90 




100 


100 


100 


'Wild Poinsett ia 


100 


95 


100 


100 


85 


90 


6 5 


80 
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Tab i. e C 

Rate 70 g/ha 
PR- EMERGENCE 
Arrowieaw S i da 
Barnyardgrass 
Cock lebur 
Corjnor. Ragweed 
Corn 
Cot con 

Escrn Blknight 
Fall Panic urn 
Field Eiindweed 
F: Beggar weed 
Gian: Foxtail 
Hairy Beggar tic 
Ivyieaw Mrngiry 
Johns ongr ass 
Lady s thumb 
Lambs quarters 
Large Crabgrass 
Purple Nut sedge 
R edroct P i o we e d 

Surinam Grass 
Velvetleaf 
Wild Poinsettia 



COMPOUND 



- 


2 


3 


4 


so 


5 0 


c 


15 


100 


95 


3 5 


5 


9 0 


10 


o 


0 


95 


1C0 


95 


55 




0 


0 


0 


2 C 


0 


10 


1 0 


100 


100 


~ 


100 


100 


100 


7 5 


65 


50 


2C 


10 


0 


95 


6 5 


- 


100 


100 


3 5 


10 


20 


0 


25 


1 0 


20 






c 


0 


4 0 


25 


2 5 


10 


9 0 


5 5 


- 


5 0 


95 


95 




95 


; oc 


100 


10C 


1 0 0 


b 


60 


0 


o 


9 0 


SO 


5 5 


3 5 


5 5 


1 5 






100 


70 


60 




100 


100 


100 


95 


3 0 


3 5 


2 0 


15 
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Table C COMPOUND 



Rate 3 5 g/ha 


1 




3 


4 




6 


16 


1 8 


3 0 


3 1 


POST EMERGENCE 






















Arrowleaw Sida 


30 


90 


-t <-, 


4 5 


60 


50 


2 0 


7 0 


7 0 


6 5 


3a my a rdgr as s 


100 


100 


95 


90 


85 


1 0 0 


95 


9 0 


100 


95 


Coc klebur 


9 0 


100 


80 


9 5 


9 0 


9 5 


9 5 


80 


95 


60 


C."o rrrr.o n Rag w eed 


100 


: oo 


100 


90 


: oo 


100 


100 


1 0 0 


9 5 


9 5 


Corn 


0 


2 0 


15 


0 




0 


2 0 


35 


5 


0 


Cotton 


100 


100 


75 


SO 


8 5 


100 


9 5 


9 0 


9 5 


9 0 


Fstrn B I knight 


100 


1 00 


9 5 


8 5 


100 


95 


100 


85 


10 0 


10 0 


Fall Pan i cum 


9 0 


100 


75 


9 5 


100 


100 


100 


90 


1 00 


9 5 


Field Bindweed 


9 0 


8 0 


eo 


50 


80 


60 


5 0 


6 5 


5 


5 0 


Fl Beggarweed 


9 0 


1C0 


95 


100 


9 0 


5 0 


9 5 


1 0 0 


100 


100 


Giant Foxtail 


8 0 


95 


4 0 


55 


85 


100 


100 


6 5 


100 


9 0 


Hairy Beggar tic 


7 0 


7 0 


6 0 


40 


60 


80 


7 0 


7 0 


7 0 


8 0 


I v y lea v; Mr no 1 r y 


7 0 


9 5 


8 0 


9 5 


9 0 


SO 


4 0 


60 


60 


65 


Johns ong rass 


3C 


9 0 


2 0 


6 0 


7 0 


100 


20 


7 0 


10 0 


85 


ladyst numb 


100 


100 


9 5 


9 0 


: oo 


100 


10 0 


100 


100 


100 


Ija.TJDsquarters 


9 5 


100 


9 5 


100 


95 


9 5 


9 0 


8 0 


100 


9 5 


Large Crabgrass 


85 


9 5 


7 5 


7 0 


8 5 


100 


100 


100 


100 


9 0 


Purple Nut sedge 


3 0 


8 5 




r; 5 


2 0 


3 0 


90 


75 


75 




Red root Pigweed 


95 


100 


9S 


9 0 


?U) 


9 0 


9 5 


8 0 


i 0 0 


100 


Soybean 


8 5 


100 


3 5 




9 5 


ri 0 


4 0 ■ 


05 


9 5 


".■ 


Surinam Grass 


9 9 


95 


7 0 


6 5 


8 0 


9 5 


90 


75 


20 


8- 


Ve ; vet lea f 


100 


1 0 c 


95 


9 0 


100 


100 


100 


1 00 


100 


100 


Wild Poinsett ia 


9 0 


100 


9 5 


9 0 


5 5 


85 


2 0 


65 


80 


7 5 
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Table C COMPOUND 



Race 3 5 g / ha 


1 




"3 


A 
** 


preh:mh:rgence 










Arrowleaw Si da 


8 0 




(j 


c 


Earnyardgrass 


* .» ^ 




- o 




Cocklebur 


2 0 


== ' 




0 


C oinrr.c n Rag w e e d 


9 0 


7 D 




2 0 


Corn 


0 




J 


n 
U 


Cc:t:on 


= 


100 


U 


0 


Es:m Bl knight 


10 0 


9 5 




9 5 


Fall Pan icum 


IOC 


1 0 0 


1 5 


7 5 


Field B i ndwe ed 


5 0 


3 C 






"1 Beggarweed 




5 0 


2 5 


1 5 


Giant 'Foxtail 


100 


15 


0 




Hairy Beggar cic 


0 


3 5 


0 


J 


1 vy lea w Mrnglr y 


0 




0 


0 


Johns ongr ass 


10 


0 


0 


0 


Lady s thumb 




3 0 




3 0 


La^bscuarters 


o 






7 b 


Large Crabgras s 








3 IS 


Purple Nutsecge 


o 


2 5 




0 


Redroot Pigweed 


5 0 


7 0 




s 


Soybean 










Surinam Grass 


95 


45 


10 


0 


Velvetleaf 


100 


1C0 


100 


7 0 


Wild Poinsett ia 


5 0 


2 5 


o 


C 
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Table C COMPOUND 



Rate 17 g / ha 


1 


"> 


3 


4 


5 


6 


1 6 


IS 


3 0 


31 


POST EMERGENCE 






















Arrowleaw Sida 


50 


6C 


65 


35 


1 0 


50 


2 0 


7 0 




SO 


Barnyardgrass 


ICO 


95 


90 


90 


70 


100 


9 5 


90 


100 


9 0 


Cockle bur 


90 


100 


70 


90 


9 0 


90 


85 


85 


85 


5 0 


Common Ragweed 


IOC 


10 0 


100 


95 


85 


90 


100 


8 0 


95 


9 0 


Corn 


0 


0 


0 


0 


5 


0 


20 


25 


5 


0 


Cot. ton 


1 00 


100 


7 0 


7 0 


6 0 


9 0 


9 0 


8 0 


9 0 


75 


Estrr: 3lknight 


95 


1 0 0 


95 


8 0 


9 5 


90 


100 


80 


100 


100 


Fall Paaicum 


70 


as 


45 


4 0 


8 5 


100 


100 


85 


9 5 


8 5 


Field Bindweed 


80 


65 


6 5 


45 


80 


6 0 


20 


5 5 


n 


2 5 


El Beg gar weed 


8 5 


100 


75 


60 


8 5 


50 


8 0 


9 0 


.10 0 


100 


Giant Foxtail 


6 5 


so 


25 


45 


80 


9 0 


100 


8 0 


9 5 


8 0 


Hairy Beggar tic 


50 


6 5 


40 


30 


60 


10 


30 


60 


60 


65 


1 vy 1 e a w Mrnglry 


7 0 


95 


00 


80 


8 0 


80 


40 


4 5 


6 0 


55 


Johns one rass 


50 


80 


15 


15 


7 0 


80 


5 


6 0 


9 5 


8 0 


Lady s thumb 


90 


55 


85 


75 


100 


95 


100 


90 


100 


:oo 


Larabsquarters 


80 


10 0 


S3 


8 5 


95 


SO 


9 0 


8 0 


1 0 0 


100 


Large Crabgrass 


85 


85 


4 5 


5 5 


6 0 


100 


9 0 


90 


100 


8 5 


Purple Nutsedge 


5 


60 


0 


15 


5 


3 0 


50 


45 


20 




Red root Pigweed 


SO 


95 


8 0 


9 J 


"5 


60 


9 0 


8 0 


100 


9 5 


Soybean 


85 


100 


8 5 


8 5 


90 


7 0 


3 5 


3 5 


3 5 




Surmar, Grass 


90 


80 


45 


6 0 


6 0 


8 0 


80 


70 


5 


7 0 


Velvet lea f 


1 00 


100 


95 


95 


100 


100 


1 0 0 


100 


100 


9 5 


Wild Poinsett la 


7 0 


9 5 


85 


9 0 


SO 


8 0 


5 


5 0 


6 0 


65 
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Table C COMPOUND 



Race 17 g/ha 


- 




3 


4 


PREEMERGENCE 










Arrowleaw Si da 


50 




0 


0 


Barnyardgrass 


10 


10 


0 


0 


Cock 1 ebur 


2G 


2 0 


0 


c 


Common Ragweed 


2 0 


5 5 


o 




Corn 


G 


Q 


0 


0 


Cot r. or. 


0 


1 5 


0 




Escrn 5.1 knight 


0 


60 




20 


Fall Panicum 




65 


0 


1 5 


Field 5 i r. civ; e e d 


<: 0 


Q 


0 




Fl Beggarv;eed 


r; 


^ .t> 


0 


Q 


G i a n t Foxt ail 




0 


0 


0 


Hairy Beggar tic 


0 


D 


Q 


c 


1 vy 1 e aw Krnglry 


0 


(3 


0 


0 


Johnsongrass 


5 


0 


0 


c 


Ladys thumb 


- 


3 0 


- 


o 


Lambs quarters 




45 




35 


Large Crabgrass 


100 


1 5 


3 5 


c 


Purple Nut sedge 




o 


0 




R e d r o o t ? i g w e e d 


r-, 


2 0 




1 c 


Soybean 










Surinam Grass 


10 


0 


c 


r, 


Ve.lvetieaf 


ICO 


3 5 


3 5 


35 


Wild Poinsett ia 


4 5 


10 


0 


C 
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Table C COMPOUND 



Rate 8 g/ha 


I 


2 


3 


4 


5- 


6 


16 


18 


3 0 


31 


P 0 S T EM E RG ENC E 






















ArrowleaW Si da 


50 


4 5 


55 


15 


5 


10 


10 


65 




"3 5 


Barnyardgrass 


100 


90 


85 


8 5 


65 


100 


9 0 


9 0 


95 


9 0 


Cocklebur 


8 0 


100 


65 


50 


8 0 


85 


8 5 


7 5 


80 


2 0 


Common Ragweed 


95 


95 


95 


7 5 


50 


90 


1 00 


SO 


30 


90 


Ccrn 


0 


10 




0 


0 


0 


5 


15 


0 


C 


Cotton 


100 


9 5 


3 0 


3 5 


5 0 


8 0 


-8 0 


7 0 


7 0 


7 0 


Es crn El knight 


95 


100 


90 


75 


85 


9 0 


1 0 0 


75 


100 


1 0 0 


Fa 2 Pan! cum 


5 0 


80 


2 5 


2 5 


6 0 


7 0 


9 5 


8 0 


90 


85 


Field Bu.ndv/eed 


7 0 


35 


3 0 


3 3 


10 


60 


10 


5 0 




1 0 


F 1 3eggarv;eed 


7 0 


: oc 


6 5 


6 0 


8 0 


50 


SO 


85 


BO 


85 


Giant Foxtail 


60 


70 


10 


'20 


7 0 ■ 


80 


7 0 


7 5 


9 0 


8 0 


Hairy Beggar tic 


5 0 


50 


3 0 


' 2 0 


55 


0 


3 0 


55 


4 0 


5 0 


I vy 1 eaw Mr ng 1 ry 


70 


70 


4 5 


SO 


70 


65 


25 


3 5 




10 


J o hnso ngrass 


3 0 


5 0 


1 C 


2 0 


60 


55 


. 5 


5 5 


6 5 


40 


:..adys"humb 


9 0 


4 0 


7 5- 


6 5 


; 0 


9 0 


100 


75 


70 


10 


ar^b;s qua r t e r s 


7 0 


95 


7 5 


7 5 


9 0 


4 0 


9 0 


7 5 


80 


65 


Large Crabgrass 


80 


80 


35 


5 0 


6 0 


85 


9 5 


8 5 


90 


75 


P u r p 1 e N u l s e dg e 


0 


0 


0 


■ 5 


c 


1 0 




2 5 . 


15 


2 0 


Red root. Pigweed 


8 5 


9 5 


7 5 


6 5 


7 0 


7 0 


8 0 


8 0 


80 


85 


Soybean 


. 8 0 


100 


7 5 


6 0 


7 0 


6 0 


2 0 


2 0 


80 


4 5 


Surinam G r a s s 


80 


65 


2 5 


4 0 


40 


45 


7 0 


65 


0 


2 0 


Veivetieaf 


100 


100 


8 5 


7 5 


100 


ioo ; 


8 5 


8 5 


95 


9 5 


Wild Poinsett ia 


50 


85 


70 


6 0 


7 0 


7 0 


0 


3 0 


15 


50 
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Table C 




COMPOUND 




Rate 8 g/ha 


1 




3 




PREEMERGENCE 










Arrowleaw Si da 


50 


p. 


n 


0 


Barr.yardgrass 


0 


V 


p 


0 


Cockiebur 


G 


J. u 


r. 

u 


0 


Common Ragweed 


0 


c p 
_j t 




0 


Corn 


0 


•J 


p. 
t 


0 


Cot r. on 




p. 


u 


0 


Estrn 31 knight 


0 


4 5 






Fall Panicurr. 


o 




p, 


0 


Field Bindweed 






Q 


c 


Fl Beggar weed 


0 


p 


IJ 


c 


Giant Foxtail 


0 


Q 


o 


c 


Hairy 3egcar::c 


0 


o 


c 


c 


1 v y lea w M r n c: 1 r y 


0 


Q 


o 


0 


Johns or.gr ass 


0 


.-• 


■J 


C; 


La dys thumb 


0 


'j 




c 


Lambs quarters 


0 


30 




10 


Large Crabgrass 


S 0 


0 


c 


c 


Purple Nut sedge 


0 


0 


0 


0 


Redroot Pigweed 


0 


c 




o 


Soy bear; 




c- 


o 


c 


Surinam Grass 


0 


G 


0 


0 


Velvet leaf 




15 


10 


2 0 


Wild Poinsett ia 


c 


1 0 


0 


M 
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Table C 






COMPOUND 






Rate 4 g/ha 




3 


4 


1 6 


1 3 


30 


31 


POSTEMERGENCE 
















Arrowleaw Si da 


3 5 


45 


15 


5 


55 


5 


3 5 


3arr.yardgrass 


90 


30 


55 


90 


35 


95 


85 


Cocklebur 


95 


30 


4 5 


7 U 


6 5 


7 0 


10 


Corrcnor. Ragweed 


90 


35 


65 


95 


55 


C 


60 


Corn 


0 


0 


0 


0 


10 


0 




Cot: ton 


60 


15 


2 5 


7 0 


6 0 


6 5 




Est rn Blknight 


80 


7 5 


6 5 


100 


70 


95 


100 


Fall Panicurrt 


5 0 


10 


2 0 


9C 


7 0 


80 


4 0 


Field Bindweed 


2 5 


20 


10 




3 0 


o 


I 0 


Fl Beggarweed 


1 C 0 


50 


z z> 




/ -J 


7 5 


IOC 


Giant Foxtail 


5 5 


0 


1 5 


6, 5 


6 5 


7 0 


-> ^ 


Hairy Beggar tic 


25 


2 0 


10 


1C 


5 0 


30 


2 5 


Ivy I saw Mrnglry 


60 


25 


7 n 




2 0 




0 


Johnsongrass 


3 5 


0 


q 


c 


5 0 


10 


10 


Lady s thumb 


25 


60 


25 


100 


4 5 


70 


i c 


Lambsquar ters 


85 


70 


60 


75 


7 0 


4 0 


50 


Large Crabgrass 


55 


25 


2 0 


90 


7 5 


S5 


65 


Purple Nut sedge 


0 


o 


0 


5 


2 0 


10 


50 


Redroot Pigweed 


75 


70 


60 


8 0 


7 5 


60 


65 


Soybean 


90 


60 


60 


1 5 


I 5 


7 0 


15 


Surinam Grass 


55 


15 


20 


4C 


3 O 


0 


2 0 


Veivetleaf 


100 


60 


6 0 




7 5 


9 0 


7 5 


Wild Poinsettia 


75 


45 


30 


0 


2 0 


15 


40 
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Table C 


c 


OMPOUND 


Table C 


COM? 


OUM 


Rate 4 g/ha 


*■> 


3 


4 


Rare 2 g/ha 


2 


1 


PREEMERGENCZ 








POSTEMERGENCE - 






Arrowieaw Sida 


0 




o 


Ar r owl eaw S i da 


2 5 


10 


Barnyardgrass 


0 


u 


r\ 


Barnyardgrass 


7 5 


25 


Cocklebur 


0 


n 


n 


Cocklebur 


8 0 


«j 


Common Ragweed 


25 


n 




Common Ragweed 


85 


60 


Corn 


\j 


0 




Corn 


0 


C 


Cot con 


0 




o 


Cotton 


2 5 


15 


Estrn Bl knight 


0 




u 


Estrn 51 knight 


7 5 


6C 


Fa _ 1 Panicurr. 


o 


0 


b 


Fall Panicurr. 


-; 5. 


1 5 


Field Sir. d we e d 






r 


Field E i r.dwee d 




5 


F 1 Beggar w e e d 


o 


C; 




F 1 Beggar w eed 


1 c 0 




Giant Foxtail 


c 




Q 


Gianr Foxtail 


15 


c 


Ha i ry Begga rtic 






Q 


Hairy Beggar tic 




10 


I vy leav; Mrngir y 








I vy 1 e a w M r n g 1 r y 


4 0 


1C 


J ohr.scngrass 








Johnscngrass 


0 


c 


Lady s rhumb 


Q 




■■J 


Lady s thumb 


1 0 


10 


Lambsquar ters 








Lambsquar ter s 


33 


60 


L a r o e C r a dq rass 


0 


^ 


0 


Large Crabgrass 


45 


10 


Purple Mu t sedge 






0 


Purple Nut: sedge 


0 


0 


Rear oo t Pigweed 






o 


Redroot Pigweed 


7 0 


45 


Soybean 


c 


0 




Soybean 


7 0 


2 C 


Surinam Gras s 


G 


0 


c 


Surinam Grass 


3 0 


0 


Velvet leaf 




0 




Velvet lea f 


95 


.1 5 


Wild Po i n ^ e t t i a 


0 


n 


0 


Wild Poinsett: a 


3 0 


20 
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Table C 




COM 


Rate 2 g/ha 


2 


4 


PREEMERGENCE 






Arrowleaw Si da 


0 


0 


Barnyardgrass 




0 


Cocklebur 


0 


0 


Common Ragweed 


0 


0 


Corn 


0 


0 


Cotton 


0 


0 


Es:rn BIknight 


0 


0 


Fall Panicum 


n 


0 


Field Bindweed 


^ 


c 


Fl Beggarweed 


•J 


0 


Giant Foxtail 


0 


0 


Hairy Beggar tic 


0 


0 


Ivyieaw Mrnglry 


c 


0 


John son grass 


0 


o 


Lacys thurrib 


0 


- 


Lambsquar ters 


0 


0 


Large Crabgrass 


0 


0 


Purple Nut sedge 


0 


0 


Redroot Pigweed 


0 


0 


Soybean 




0 


Surinam Grass 


0 


0 


Velvet leaf 


c 


0 


Wild Poinsettia 


0 


c 
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TEST D 

Seeds of barnyardgrass (Echinochloa crus-galli). bindweed (Concolcuius 
arvensis), black nightshade (Solarium ptycanthum dunal), cassia {Cassia obntsifolia). 
cocklcbur (Xanthium sirumarium), common ragweed (Ambrosia artemisiifolia), corn 
(Zea mays), cotton (Gossypium hirsutam), crabgrass (Digitaria spp.). fall pamcum 
(Panicum dichotomi- florum). giant foxtail (Setaria fabcrii), green foxtail (Setaria 
viridis), jimsonweed (Datura stramonium), johnsongrass (Sorghum halepense), 
iambsquarter (Chenopodium album), morningglory Upomoea spp.). pigweed 
(Amaranthus retrojlexus), pnckJy sida (Sida spinosa). shattercane (Sorghum vulgare), 
signalgrass (Braciuaria platyphylla), smartweed (Polygonum pensylvanicum). 
soybean (Glycine max), sunflower (Helianthus annuus), velvetleaf (Ahutilon 
ihcophrasli). wild proso (Pancium miliaceum), woolly cupgrass (Eriochloa viiiosa), 
yellow foxtail {Setaria iutescens) and purple nutsedge (Cvpcrus roiundus) tubers were 
planted into a sandy loam or clay loam soil. These crops and weeds were grown in the 
greenhouse until the plants ranged in height from two to eighteen cm (one to four leal 
stage), then treated postemergence with the test chemicals formulated in a non- 
phvtotoxic solvent mixture which included a surfactant. Pots receiving preemcrgence 
treatments were planted immediatley prior to test chemical application. Pots treated in 
this fashion were placed in the greenhouse and maintained according to routine 
greenhouse procedures. 

Treated plants and untreated controls were maintained in the greenhouse 
approximately 14-21 days after application of the lest compound- Visual evaluations 
of plant injury responses were then recorded. Plant response ratings, summarized in 
Table D r are reported on a 0 to 100 scale where 0 is no effect and 100 is complete 
control. 
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Tab 1 e D COM POUN D 



Rate 280 g/ha 


1 


2 


4 


POST EMERGENCE 








Barnyardgrass 


100 


10 0 


10 0 


Bindweed 


95 


95 


10 0 


31 k Nightshade 


ICC 


100 


10 0 


Cass la 


60 


20 


10 


Cockl ebur 


IOC 


100 


1 0 0 


Corn 


10 


3 5 


2 0 


Cot ton 


90 


90 


100 


Crabgrass 


9 5 


9 5 


100 


Fall Panicurn 


ICC 


9 5 


1 0 0 


Giant Foxtail 


9 5 


q ^ 


100 


Green Foxtail 


o 5 


9 5 


10C 


Jims on weed 


100 


: co 


100 


Johnson G r a s s 


95 


95 


1 0 0 


La mb s qu arte r 


o = 


9 5 


1 0 0 


Mo rninggiory 


1 0 c 


100 


100 


Mu u sedge 




C q 


8 0 


Pigweed 


1 0 c 


Q ^ 


100 


Prickly Sida 


so 


5 0 


so 


Ragweed 


10 0 


100 


1 0 0 


Shatcercane 


10 0 


100 


.~ u 'J 


S ignal gras s 


95 


100 


100 


Smar tweed 


100 


ICO 


100 


Soybean 


9 0 


9C 


100 


Sun f lower 


100 


ICO 


1C0 


Velvetieaf 


100 


100 


1 0 0 


Wild Proso 


95 


95 


100 


Woolly cupgrass 


9 5 


9 5 


80 


Yellow Foxtail 


95 




100 



202 



?a b 1 e D 




COM? 


O'JML 


Rate 140 g/ha 


T 
X 






POSTEMERGENCE 








Barnyardgras s 


J 0 0 


1 C 0 


IOC 


3 mdweed 


9 5 


100 


10C 


31k Nightshade 


1 0 0 


10 0 


10C 


Cass ia 


5 0 




1C 


Cock 1 ebur 


100 


100 


1 o c 


Corn 


5 


3 0 




Cotton 


9 0 


100 


1 0 0 


Crabgrass 


q n 


1 0 0 


100 


Fall Pan! cut. 




100 


1 0 0 


Giant Foxtail 


9 


I 0 0 


1 0 c 


Green Foxtail 


9 5 


ICC 


1 CO 


J irr.sonweed 


1 0 0 


100 


100 


Johnson Grass 


9 5 


I 0 0 


1 0 0 


L ambs qua r t e r 


^; 


ICC 


•t r. r. 
J. ■-- '-■ 


Mormnggl o r y 


100 


9 0 


100 


*Ju t sedge 


9 5 


ICO 


6 0 


P .: gwecd 


1 0 0 


100 


9 C 


Prickly Sida 


8 - 




:j ■_. 


Ragweed 


100 


10 0 


100 


Sha t ter cane 


100 


1 0 0 


1 0 i - 


S igna lgras s 


95 


10C 


10 0 


Smar tweed 


- r* p. 


1 0 c 


: CO 


Soybean 


9 0 


1 0 :j 


100 


Sunflower 


1 0 0 


IOC 1 


100 


Ve 1 vet leal 


1 0 0 


1 oc 


1 00 


Wild Proso 


9 5 


1 0 c 


100 


Woo 1 1 y cupgrass 


9 5 


100 


8 C 


Yell ow Foxtail 


9 5 


100 


1 c 0 
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Table D COMPOUND 



Rate 7 C g/ha 


1 


2 


4 


2 3 


POSTEMERGENCE 










Barnyardgrass 


100 


: oo 


100 


90 


Bindweed 


9 0 


100 


100 


6 0 


31k Nighnshade 


1C0 


100 


1 0 0' 


100 


Cass ia 


5 


5 


5 


0 


Cocklebur 


100 


100 


100 


50 


Corn 


5 


5 0 


15 


C 


Cotton 


90 


100 


100 


5C 


Crabgrass 


95 


100 


100 


7 0 


Fall Panicum 


9 5 


100 


100 


2 0 


Giant Foxtail 


95 


100 


95 




Green Foxtail 


95 


100 


100 


0 


Jimsonweed 


10 0 


100 


100 


100 


Johnson Grass: 


9 0 


1C0 


RC 


1 0 


Lambs quart er 


sc 


100 


ICC 


100 


Mornir.gglory 


100 


' 1 0 o 


10 0 


90 


Nut sedge 


95 


1 0 0 


30 


10 


Pigweed 


10C 


10C 


SO 


60 


Prickly .Si da 


5 0 


6 0 


20 


0 


Ragweed 


100 


1 0 0 


1 0 0 


4 0 


Shat tercane 


100 


100 


100 


0 


Signal grass 


95 


100 


100 




Smar tweed 


100 


10C 


100 


90 


Soybean 


90 


1C0 


95 


70 


Sun f lower 


100 


100 


100 


30 


Veivetleaf 


100 


100 


100 


90 


Wild Proso 


9 5 


100 


9 0 


20 


Vv/ool ly cupgrass 


90 


90 


70 


5 


Yellow Foxtail 


95 


ICC 


100 


0 



Table D COMPOUND 



Ra t e 2 5 g / ha 


j. 






2 6 












Barnyardgra s s 


J 


A. VJ 


- -\ r. 


6 0 


Bindweed 


y o 


Q C 

y b 


q n 
y u 




Blk Nightshade 


100 


10 0 


1 0 0 


y o 


Cassia 


b 


0 


b 




Cockiebur 


10 0 


10 0 


y j 




Corn 


0 


3 0 


15 


0 


Cotton 


9 0 


1 0 0 


_ U ■ J 


r >\ 
J ■J 


Crabgrass 


9 0 


9 0 


_L 0 v-' 


J 'J 


Fall Panicum 


9 5 


1 0 c 


? 0 


r 
b 


Giant Foxtail 


y u 


j. 0 'J 






Green Foxtail 


9 5 


1 0 0 


y u 




J i ins or. weed 


1 0 0 


1 0 0 


1 0 0 


y b 


Johns on G r a s s 


9 0 


1 0 0 


8 J 


0 


Lambs quar :er 


V L- 


_ ^ I. 


j ^ 


j o 


Morningg 1 ory 


1 0 0 


100 


9 0 


6 C 


Nut sedge 


n r- 


y ^ 






Pigweed 


9 ^ 


1 L J 




b u 


Prickly Sida 


10 


5 0 


5 


0 


Ragweed 


1 C 0 


1 0 0 


1 0 0 


4 0 


Shat tercane 




1 U L- 


1 C 'J 


r- 


Signalgrass 


9 5 


100 


60 




Smar tweed 


10C 


100 


100 


60 


Soybean 


90 


100 


9 5 


70 


Sunflower 


1 0 0 


100 


100 


3 0 


Veivetleaf 


100 


100 


100 


8 5 


Wild Prose- 


95 


100 


3 0 


5 


Woo 1 1 y cupgrass 


90 


80 


70 


0 


Ye 1 lev- Foxtail 


95 


10C 


5 0 


0 
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Table D 




COMPCUK 




Rare 17 g/ha 


1 




4 


2 6 


POSTEMERGENCE 










Barnyardgrass 


95 


100 


100 


6 0 


Bindweed 


90 


90 


SO 


5 0 


Blk Nightshade 


100 


100 


80 


7 0 


Cassia 


0 


0 


0 


0 


Cocklebur 


100 


100 


80 


3 C 


Corn 


0 


5 


0 


0 


Cotton 


90 


100 


8 0 


Z) L 


Crabgrass 


90 


90 


80 


5 


Fall Pan i curt 


95 


9 0 


7 0 


C 


Giant Foxtail 


9C 


7 0 


6 0 


0 


Green Foxtail 


90 


90 


80 


0 


Jimsonweed 


100 


100 


100 


6 0 


J :> ;*. r.son Grass 


9 0 


8 0 


6 0 


o 


Lambs quar ter 


8 5 


100 


7 5 


IOC 


Morr.ingg lory 


1 0 0 


100 


8 0 


2 0 


Nut sedge 


90 


9 0 


c 


0 


Pigweed 


9 5 


100 




4 0 


Prickly Sida 




5 0 


r : 


o 


Ragweed 


1C0 


1C0 


100 


4 0 


Shatter cane 


~ '^i n 


10C 


7 ■' 




Signalgrass 


95 


100 


60 


- 


Smar tweed 


100 


100 


B0 


5 0 


Soybean 


90 


100 


90 


6C 


Sun f 1 ower 


100 


100 


85 


0 


Velvet leaf 


100 


100 


100 


8 5 


wi Id Proso 


95 


10C 


70 


0 


Woolly cupgrass 


85 


50 


5 0 


0 


Yellow Foxtail 


95 


90 


50 


0 



Table D 




COM} 


>0UNr 




Rate S g/ha 


1. 


2 




2 6 


PO STEM E RG ENC E 










Ba rnya rdgrass 


9 0 


1 C 0 


1 o o 


5 


3indweed 


8 5 


q r : 


2 0 




Blk Night s had e 


10 0 


10 0 


7 0 


70 


Cass ia 


0 


■*i 


0 




Cocklebur 


10 0 


10C 


60 


o 


Corn 


o 


5 


0 


0 


Cotton 


9 0 


100 






Crabgrass 


SO 


8 0 


60 


0 


Fall Panicum 


8 0 




3 0 


0 


Giant Foxtail 


7 0 


60 


3 0 


0 


Green Foxtail 


9 0 


7 0 




0 


Jims on weed 


9 5 


1 0 0 


1 c o 


6 0 


Johns o n Grass 


7 0 


7 0 


i; 


c? 


Lamb sou a r ter 


3 0 


9 0 


5 0 


9 0 


Morm ngc 1 o r y 


9 0 


8 5 


H 0 


0 


Nuts edge 


6 0 


7 0 


0 


0 


Pigweed 


S5 


8 0 


4 0 


0 


Prickly Sida 




3 0 


0 


c 


Ragweed 


9 0 


Q r - 


6 0 


3 0 


Shattercane 


9 0 


8 


<1 C 1 


o 


Signalgrass 


90 


9 0 


55 




Smar tweed 


90 


90 


7 0 


50 


Soybean 


8 0 


9 0 


70 




Sunf lower 


90 


X 0 


80 


C 


Ve ' v= t "> *=a ~ 


1 0 0 


100 


SO 


7 0 


Wild Proso 


90 


100 


60 


o 


Woolly cupgrass 


5 0 


10 


1 o 




Yellow Foxtail 


95 


9 C 


4 0 
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Table D 




COMF 


Race 4 g/ha 




z. 


PO STEM ERG ENC E 






Barnyardgrass 


100 


100 


Bindweed 


7C 


9 0 


Blk Nightshade 


7 0 


95 


Cassia 


0 


0 


Cocklebur 


7 0 


100 


Corn 




0 


Co:: ton 


7 0 


95 


Crabgrass 


6C 


6 0 


Fa \ 1 Panicur. 


7 0 


50 


Giant Foxtail 




3 0 


Green Foxtail 


6C 


3 0 


J imsoriweed 


10C 


100 


Johnson Grass 


-> r- 


4 0 


lambs quarter 


U 


50 


Kornir.gclory 


6C 


90 


Nut sedge 






Pigweed 


c J 


SO 


Prickly Sida 


o 


o 


Ragweed 




9 0 


Shattercane 




6 0 


Signa : grass 


8 0 


8 0 


Smar tweed 


4 0 


30 


Soybean 


5 0 


90 


Sunf lower 


SO 


9C 


Velvet leaf 


100 


100 


Wild P r o s o 


8 0 


80 


Woolly cupgrass 


70 


10 


Yellow Foxtail 


B0 


35 
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Seeds of barley (Hordeum vulgare), barnyardgrass (Echinochloa crus-galli), 
bedstravv (Galium aparine), blackgrass (Alopecttrus myosuroidcs). chickweed 
(Slellaria media), cocklebur (Xanthium sirumarium). corn [Zea mays), cotton 
{Gossypium hirsutum), crabgrass (Digitaria sanguinalis), downy brome (Bromus 
teciorum), giant foxtail (Seiana faberii), lambsquarters (Chenopodium album) s 
morningglory (Ipomoea hederacea), rape (Brassica napusl rice iOnza saliva). 
sorghum (Sorghum bicolor), soybean (Glycine max), sugar beet (Beta vulgaris). 
velvetleaf (Abutilon theophrasti). wheat (Triticum aestivum) y wild buckwheat 
(Polygonum convolvulus), wild oat (Ave no faiua) and purple nutscdge (Cyperus 
rotundus) tubers were planted and treated prcemcrgence with test chemicals 
formulated in a non-phytotoxic solvent mixture which included a surfactant. 

At the same time, these crop and weed species were also treated with 
postemergence applications of test chemicals formulated in the same manner. Plants 
ranged in height from two to eighteen cm (one to four leaf stage) for postemergence 
treatments. Treated plants and controls were maintained in a greenhouse for twelve to 
sixteen days, after which all species were compared to controls and visually evaluated. 
Plant response ratings, summarized in Table E, are based on a scale off) to 10 where 0 
is no effect and 10 is complete control. A dash (-) response means no test result. 
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Table E COMPOUND 



Race 2000 g/ha 


1 


28 


PC STEM ERG EMC E 






Ba r ley- 


9 


6 


Bar ny a rdgr a s s 


9 


9 


Beds craw 


10 


9 


rilackgrass 


10 


3 


Chick-.veed 


10 


9 


Cocklebur 


9 


9 


Corn 


10 


4 


Cot con 


10 


9 


Crabcra s s 


9 


9 


Do'AT.y brome 


9 
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Table E 


COMPOUND 


Rare 20 g/ha 


1 


3 


6 


POSTEMERGEKCE 








Barley 


4 


9 


8 


Ba r ny a r dg r a s s 


10 


1C 


9 


Bedstraw 


s 


8 


8 


Blackgrass 


7 


9 


6 


Chickweed 


7 


9 


8 


Cocklebur 


10 


1C 


10 


Corn 


'j 


1 


1 


Cot con 


S 


9 


10 


Crabgrass 


9 


S 


9 


Do'ATiy brorr.e 


6 




7 


Giant foxtail 


9 


9 


9 


Lar±squarter 


8 


9 


9 


Morningglory 


9 


9 


8 


Nat sedge 


e 


4 


4 


Rape 


2 


9 


6 


Ri ce 


9 


9 


8 


Sorghum 


3 


9 


9 


Soybean 


10 


9 


P, 


Sugar beet 


9 


10 


7 


Velvetleaf 


10 


10 


10 


Wheat 


5 


9 


9 


W ild buckwheat 


4 


7 


7 


Wild oat 


9 


9 


9 



! Table E COMPOUND 



Rate 2 0 g/ha 


1 




G 


P R E E K E r : G E K C E 








Barley 


0 


0 


0 


Barnyardgrass 


0 


- 




Bedstraw 


0 


0 


0 


Blackgrass 


0 


0 


0 


Chickweec 


0 


5 


0 


Cocklebur 


0 


0 


0 


Corn 


:j 


0 


0 


Cot ton 


- : 


0 


0 


Crabgrass 


2 


1 


1 


DcaT// brorr.e 


0 


c 


o 


Grant icxtaii 


o 


c 




Lambsquarter 


c 


9 




Morninya lory 


o 


0 


0 


Nut sedge 




- 




Rape 


■J 


o 


0 


Rice 




0 


0 


Sorghum 


0 


0 


0 


Soybean 


o 


0 


0 


Sugar beet 


0 


0 


0 


Velvetleaf 


1C 


1 0 


9 


Wheat 


0 


0 


0 


Wild buckwheat 


0 


0 


0 


Wild oat 


0 


3 
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Table E COMPOUND 



Rate 10 g/ha 


7 


8 


POSTEMERGENCE 






Bar ley 


0 


o 


Barnyardgras s 


9 


3 


Beds tr av: 


4 


o 


Biackgrass 


0 


1 


Chickweed 


5 


6 


C o c k 1 e bu r 


8 




Corn 


o 




Co c tor. 


J 




Crabgr as s 


-) 


3 


Do wr.y b r ome 


n 


0 




2 




La;nbsQua rcsr 






Mo i: r: ir.ggiory 


/ 


2 


N'j t sedge 






Rape 






R i c e 


4 




Sorghum 




6 


Soybean 


3 


3 


Sugar beet 


6 




Velve: 1 ea f 


5 




Wheat 


.1 




W i 1 d b u c k v;h e a t 


0 


0 


Wild oat 


0 


2 
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Table E 


COMPOu 


Rate 10 g/ha 


7 




PREEMERCENCE 






Barley 


r> 




Barnyardgras s 


0 


0 


Beds traw 


0 




Biackgrass 


Q 


0 




0 


o 


Coc k Iphu ^ 

v — - w v — / \. j_ x_y _ 


0 


n 


Corn 


0 




Cot too 


0 


0 


V— -L. CO. A> ^ j» Ci -J O 


0 


0 


Down ^ y -\ -"-/-, ti r j 


o 


n 


Giant foxtail 


o 


C 


Lambs Qua r ter 


0 


G 


Mo rnir.oglor y 


0 


c 


Nut sedge 


f; 




Raoe 


0 




Rice 


o 




Sorghum 


0 


c 


Soy bear- 


o 




Sugar beet 


■J 




Ve Lvetlea f 


c 


o 


Wheat 


c 


0 


Wild buckwhea t 




0 


Wild oat 
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TEST F 



10 



Compounds evaluated in this test were formulated in a non-phytotoxic solvent 
mixture and applied to the surface of the water which was contained in each pot. 
Individual containers of barnyardgrass (Echinochloa oryzicola), small flower umbrella 
sedge {Cxperus diffonnus), common falsepimperncl (Lindemia proewnbens), 
monochoria (Monochoria vaginalis) and bulrush (Scirpus juncoides) were seeded and 
allowed to grow until the 1.5 to 2.5 leaf stage of development. A clay loam soil was 
used for this propagation. Japonica rice (()ry?.a saliva) was tran- splanted at 0 and 2 cm 
depth five days before application of the test compound to the water surface. 



Treated plants and untreated controls were maintained under greenhouse 
conditions for twenty to thirty days at which time treated plants were compared to 
untreated controls and visually evaluated. Plant response ratings, summarized in 
Table F, are based upon a 0 to 100 scale where 0 is no effect and 100 is complete 
control. A dash response (-) indicated that no test result was recorded. 



Table F COMPOUND 
Race 250 g/ha 2 
Flood 5 a i t a s o i 
barnyar d early 10C 
barnyard lace 3 5 
C. dir f orrr.is ea BO 
C. difformis la 90 
Japoni rice Ocr: 100 
Japon: rice 2cm 100 
L. procurrben ea 100 
L . procumben la 100 
M. vaginalis ea 100 
M. vaginalis la 3 0 
S. "juncoides 1. 9 0 
S . juncoides 2 . 7C 



! Taole F COMPOUX 
Race 125 g/ha '\ 
Flood Sale a soi 

barnyard earl y 1 C C 

barnyard late 70 

C. di££orrr.is ea 8 5 

C . a i f i ormi s la 7 0 

Japoni rice 0cm 100 
Japoni rice 2cn 40 

L , procumben ea 10C 

L . p r ocurn.be n la 100 

M . vac i na 1 i s ea 10 0 
M. vaginalis la 30 
3. " unco ides 1. S5 



i'jncc:de. c 
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Table F COMPOUND 



D i c ;\ A /-* / Vi ^ 
t\d U fcr L 4 / j : cJ 


2 


3 


TT ~> >-\ r\ c* C t- o * 
1 x'^OL* OCl J. Lu bU^. 






--•a r ny a ea l jr 


o n 


7 q 


Da t * J y a u X a Lt 


o _> 


4 Q 




i u 


G 5 


'v_. G.:. L ^UliUIb LCi 






Japoni rice Ocm 


100 


95 


Japoni rice 2cm 


7 5 


7 0 


L. . procumoen ea 


10C 


1 0 C 


L . procu rub en i. a 


ICO 


100 


i. - . Vd.; ..:d*lo ttel 


100 


1C0 


. v u ti 1 J . C 1 - J. cl 


SO 


£0 


S . j u n C O 1 Ci £ 5 1. . 


7 5 


7 0 


S . yjp.cci.des 2 . 


6 5 


5 0 


Table F 


COMPOU1 




1 


2 


r _ u u u Da l La o c 






barnysro ear_y 


4 0 


20 


barnyard lace 


65 


45 


. Ui.. LOI.;.J a d 


ac 


50 




7 5 


5 0 


Japoni rice 0cm 


65 


4 0 


Japoni rice 2cm 


25 


0 


L . procumben ea 


10C 


100 


L. procumben la 


100 


1 00 


X . vag malls ea 


90 


75 


M. vaginalis la 


7 5 


75 


S . j unco i des 1 . 


4 0 


20 


3 . jurxoides 2 . 


40 


3 0 
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Table r COMPOUND 
Rate 32 g/ha 1 2 2 
Flood Sai f :a so i 



barnyard ear 


"i . T 
- 1 




45 


20 


barnyard late 


5 0 


45 


2 0 


C. diffcrmis 


ea 


•r! vj 


n - 


o u 


C. diflformis 


la 


8 5 


5 0 


4 0 


Japoni race 


0crr t 


9 0 


75 


4 0 


Japoni rice 


2cm 


6 5 


5 


0 


L . pro cumber: 


ea 


100 


100 


100 


L . procumben 


la 


100 


9 0 


100 


M. vaginalis 


ea 


1 0 0 


3 0 


70 


M. vaginalis 


la 


70 


75 


7 0 


S - juncoides 


1 . 


80 


65 


50 


S . : unco ides 


o 


6 0 


4 0 


3 0 



Table F COX FOUND 



Rate g/ha 






Flood Sai:a sol 






ba r r.y a r d ear .:. y 


4 0 


2 0 


barnyard late 


3 0 


2C 


C. difforxis ea 


55 


20 


C . d r 7 e ormis l a 


5 0 


2 0 


Japoni rice 0cm 


3 5 


10 


Japoni. rice 2cm 


0 


0 


U . procumben ea 


100 


100 


I., procumben la 


100 


100 


M. vaginalis ea 


7 0 


6 0 


M . vaginalis la 


7C 


65 


S . j uncoides 1 . 


4 0 


10 


S . j unco ides 2 . 


4 0 


0 
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Table F COMPOUND 



Rate 4 g / ha 


- 


Flood Sana soi 




barnyard early 


30 


barnyard late 


40 


C. dif f crmis ea 


30 


C . dif tor mi s la 


20 


Japoni rice Ccrr. 


20 


Japoni rice 2cm 


5 


L. . procumben ea 


100 


1. procumben la 


100 


M. vaginalis ea 


50 


y. . vaginalis la 


6S 


S . j unco ides 1 . 


20 


3 . ;j unco ides 2 . 


30 
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TEST G 

Compounds evaluated in this test were formulated in a non-phytotoxic solvent 
mixture which included a surfactant and applied to the soil surface before plant 
5 seedlings emerged (preemergencc application) and to plants that were in the one-to four 
leaf stage (posternergence application). A sandy loam soil was used for the 
preemergence test while a mixture of sandy loam soil and greenhouse potting mix in a 
60:40 ratio was used for the posternergence test. Test compounds were applied within 
approximately one day after planting seeds for the preemergence test. 

10 

Plantings of these crops and weed species were adjusted to produce plants of 
appropriate size for the posternergence test. All plant species were grown using normal 
greenhouse practices. Crop and weed species include annual bluegrass (Poo annua), 
black nightshade (Solatium nigra), blackgrass (Alopecurus myosuroides). chickweed 

15 (Stcllaria media), deadnettle (Lximium ample xicaule), downy broine (Bromus tcaorum), 
field violet {Viola arvensis), galium (Galium aparine), green foxtail (Setaria viridis). 
jointed goatgrass (Aegilops cylindhca), kochia (Kochia scopana), larnbsquarters 
(Chenopodium album), littleseed canarygrass (Phalaris minor), rape (Brassica napus), 
redroot pigweed (Amaranthus retroflexus), ryegrass (Lolium multiflorum). sentless 

20 chamonile (Matricaria inodora), speedwell (Veronica pcrsica). spring barclv ( Horde um 
vulgare cv. Wages"), spring wheat (Triticum acstivum cv. 'ERA'), sugar beet (Beta 
vulgaris cv. 'UST). sunflower (Helianthus annuus cv. 'Russian Giant'), wild buckwheat 
(Polygonum convolvulus), wild mustard (Sinapis arvensis) y wild oat (Avena fatua). 
windgrass (Apcra spica-venti). winter barley (Hordeum vulgare cv. 'Igri') and winter 

25 wheat (Triticum acstivum cv. 'Talent'). 

Wild oat was treated at two growth stages. The first stage ( 1) was when the plant 
had two to three leaves. The second stage (2) was when the plant had approximately 
four leaves or in the initial stages of tillering. Treated plants and untreated controls 
30 were maintained in a greenhouse for approximately 21 to 28 days, after which all treated 
plants were compared to untreated controls and visually evaluated. Plant response 
ratings, summarized in Table G, are based upon a 0 to 100 scale where 0 is no effect and 
100 is complete control. A dash response (-) means no test result. 
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Table G COMPOUND 
Rate 2 50 g/ha 10 
POST EMERGENCE 
Annual Bluegras 3 0 
Blackgrass (2) 3 0 

Bik Nightshade IOC 

Chickweed IOC 

Deadnetcle 100 
Dov/r. y b r o me 50 

Field violet: 1 0 0 

Galium (2) 100 

Green foxtail 100 
Jointed Goatgra 30 



Koch i a 




jambsquariers 


100 


!j3 Canarygrass 


100 


Rape 




Redroot Pigweed 


100 


Russian Thistle 


100 


Ryegrass 


2 0 


Scentless Chamo 


9 5 


Speedwe 1 1 




Spring Barley 


3 0 


Sugar beet 




Sunflower 




V e r on i c a hedera 


1 0 0 


Wheat (Spring) 


3 C 


Wheat (Winter; 


20 


V/ i 1 d bu ckwheat 


10 0 


Wild mustard 


100 


Wild oat (1} 


65 


Wild oat (2) 




Windgrass 


45 


'Winter Barley 


3 0 



Table G 

Rate 12 5 g/ha 2 
POST EMERGENCE 

Annual Bluegras S5 

Blackgrass (2) 45 

Elk Nightshade 100 

Chickweed 100 

Oeadnettie 100 

Downy brome 5 0 

Field violet 100 

Galium (2! 4 0 

Green foxtail 100 

Jointed Goatgra 4 0 

Kcchia -00 

L arnbs quarter s 1 0 0 

I.S Canarygrass 10 0 
Rape 

Redroot Pigweed 10 0 



Russian Thistle 


ICC 


Ryegrass 


2 C 


Scentless Chamo 


1C0 


S p e ogw g — 




Spring Barley- 


4 0 


Sugar beet 




Sun f lower 




Ve r c ruca hecera 


1 CO 


Wheal (Spring; 


4 0 


Wheat (Winuer) 


60 


W i 1 d bu c kwhea t 


100 


Wild mustard 


100 


Wild oat (1) 


100 


Wild oat (2) 




Windgrass 


50 


Winter Barley 


3 C 





COM 


POUK 


D 
















1 ~ 


1 C 0 


5 5 




4 0 




2 0 




~* r. 




4 5 




- 




1 0 0 


100 


1 0 0 


100 


1 0 0 


1 0 0 


1 0 0 


c » 5 


1 00 


100 


100 


1 CO 


1C0 




" f \ ^ 








5 5 


r. 














1 0 0 


1 0 0 




3 0 


6 0 


6 0 


'.' 0 




Ci « 


1 0 0 




IOC 


100 


1 0 0 


1 0 0 


3 0 


40 


1C0 


3 C 


2 0 


3 0 


100 


7 c - 


10 0 


1 0 0 


- r\ 


1 0 C 


1 CO 


9 s 




1 c c 


100 


1 cc 


G 0 


7 0 


100 


/ -J 




~i ^ 

_> V-' 

*i 'J 


100 


65 


1 0 0 


1 0 0 


100 




1 0 c 




r 0 


1 o o 


100 


r 


10 0 




1 0 0 


i 0 




10 0 


4 0 


1 0 


- 


1 0 


1 0 


00 


- 


7 0 


- 






1 o c 
1 ( i 0 


J 0 


4 u 


A. L '.J 








40 




G S 


2 0 


^ .J 


' ' 0 


5 5 


1 0 


c p, 


1 0 0 




4 0 


1 G 0 


7 0 


1 0 0 


1 0 c 


1 0 0 


100 


100 


7 5 


1 0 0 


" 0 0 




10 0 


5 5 


45 


9 5 


€0 




3 0 


2 0 




4 5 


1 c 


i r 


r 
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Table G COMPOUND 



Rate 6 2 g/ha 


■i 




4 


5 


6 


7 


8 


9 


10 


1 2 


30 


POST EMERGENCE 
























Annual 31uegras 


100 


6 0 




70 


5 0 


100 


100 


5 0 


1 0 


2 0 


100 


3lac!<grass (2 ) 


5 5 


3 5 




25 


2 0 


50 


60 


4 0 


2 0 


3 0 


6 0 


Blk Nightshade 


100 


100 


100 


100 


75 


100 


100 


1 0 0 


75 


100 


10 0 


Chickweed 


10 3 


100 


100 


100 


75 


100 


100 


1 0 0 


100 


10 0 


100 


Deadlier t le 


100 


100 


1 0 0 


100 


100 


100 


ICG 


1 0 0 


; j o 


1 0 0 


1 0 0 


Downy brome 


60 


4 0 




50 


30 


100 


7 5 


2 = > 


2 0 


1 0 


S 5 


Field violet 


100 


10C 


1 0 0 


50 


70 


100 


100 




7 0 


6 0 


7 0 


Galium (2) 


65 


3 0 


so 


4 0 


30 


55 


6 0 


7 0 


6 0 


7 0 


4 3 


Greer. :cxcail 


75 


100 




55 


6 0 


100 


1 0 0 


100 


100 


1 0 0 


100 


Jointed Goatgra 


4 0 


30 




3 0 


2 0 


: co 


1 0 0 


20 


10 


2 0 


1 00 


Kochia 


6 5 


5 5 


5 5 


100 


6 0 


5 0 


10C 


10 0 


:■ 


5 5 


50 


L a mo s q uarter s 


103 


100 


1 0 0 


100 


6 0 


100 


1 0 0 


100 


1 0 0 


100 


100 


LS C a r.arygrass 


100 


40 




4 0 


50 


100 


1 0 0 


5 0 


4 0 


2 0 


100 


Rape 


J 0 0 








70 










4 0 




Recroot Pigweed 


100 


7 0 


10 0 


100 


30 


100 


100 


100 


100 


1 C 0 


100 


Russian Thistle 


100 


1 0 0 


100 


100 


3 0 


: oo 


8 0 


8 5 


1 0 0 




1 0 C 


Ryegrass 


3 0 


2 0 




2 0 


1 0 


1 5 


2 5 


o 


"-. 


o 


3 0 * 


Scentless Chamo 


1 C 0 


1 0 0 


6 0 


100 


6 5 


1 0 0 


1 0 0 


1 0 0 


7 *; 


6 0 


1 C 0 


Speed we 1 1 
























Spring Barley 


60 


3 C 


2 "i 


3 0 


4 0 


100 


6 0 


- 


2 C 




8 0 


Sugar be e t 


10C 








1 0 














S ur. f lower 


10 0 








4 0 










10 0 




Veronica node r a 


1 0 0 


1 0 0 


1 0 0 


1 0 0 


2 0 


1 C 0 


10 0 


1 0 0 


1 0 0 


10 0 


1 0 0 


Wheat { Spring ; 


30 


3 0 


25 


2 0 


3 0 


10 0 


8 5 


3 0 


10 


2 0 


1 0 0 


wneat. ( w inter J 


4 0 


3 0 


3 0 


3 C 


1 5 


10C 


10 0 


2 0 


10 


10 


1 00 


Wild buckwheat 


6 0 


70 


50 


40 


10 


100 


7 0 


1 0 0 


100 


10 


10 


Wild nvustard 


100 


100 




100 


75 




70 


60 


100 


50 


100 


Wild oat (1)' 


95 


100 




100 


70 


100 


100 


5 0 


3 0 


60 


100 


Wild oat (2) 
























Windgrass 


100 


30 




30 


45 


B5 


100 


5 0 


2 0 


3 0 


10 0 


Winter Barley 


5 0 


2 0 


20 


20 


30 


85 


4 0 


15 


10 


10 


7 0 
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Table G 

Rate 3 1 g/ha 1 
POSTEMERGENCE 

Annual 3luegras 60 

Blackgrass (2) 50 

Bik Nightshade 100 

Chickweed 100 

Deadnett le 1 00 

Downy brome 5 C 

Field violet 100 

Galiurr. (2) 6 5 

Green foxtail 70 

Jointed Goatgra 30 

Kochia 6 0 

Lambs qua r cers IOC 

LS Canary grass 100 

Rape 7 0 

Redroot Pigweed 100 

Russian Thistle 1C0 

Ryegrass 2C 

Scentless; Chamo 10 0 

Speedwell 100 

Spring Barley 4 5 

Sugar beet 100 

Sunflower 100 
Veronica hedera 10C 

Wheat (Spring) 20 

Wheat (Winter) 3C 

Wild buckwheat 100 

Wild r.ustard 100 

Wild oat (1) 50 

Wild oat (2) 100 

Windgrass 70 

Winter Barley 3 0 
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COMPOUND 





4 


5 






r t 0 
J u 




3 0 


10 


100 






20 


1 0 


40 


1 1 j u 


i on 

1 v u 


1 00 


7 5 


100 


inn 


i'JU 


1 0 0 


6 0 


100 


1 \j u 




1 00 


7 5 


6 5 


'i c\ 




7 

_■' w 


~ n 


6 5 


C D 


D t 




^ f) 
_J -J 


6 0 


3 0 


c 0 


Z 'J 






~> ri 

/ u 








_ L; *j 










4 5 


D D 


D J 


O w 


5 C 


2 0 


10C 


100 


100 


50 


100 


30 


- 


3 0 


3 0 


100 








6 0 




50 




7 5 


30 


7 0 


75 


100 


75 


20 


100 


10 




10 


0 


15 


75 


50 


7 0 


60 


100 


20 


10 


2 0 


30 


: oo 



0 

- 3 0 



70 


100 


; oo 


10 


100 


20 


10 


2C 


2 0 


95 


2 0 


20 


20 


15 


55 


5 0 


40 


50 


C 


100 


70 




80 


7 0 


55 


100 




65 


50 


100 


45 










10 




20 


20 


55 


20 


10 


30 


20 


55 



8 


9 


10 


12 


3 0 


IOC 


3 0 


20 


10 


100 


50 


3 0 


2 0 


15 


5 0 


100 


100 


75 


100 


100 


8 0 


1 0 0 


100 


70 


100 


7 5 


ICO 


100 


7C 


100 


5 0 


20 


1 0 


15 


' ; 5 


1 0 0 


5 0 


6 0 


5 0 




j -j 


6 0 


5 0 


5 0 


4 0 


7 5 


1 0 0 


B0 


6 5 


100 


7 5 


1 0 


0 


2 0 


5 0 


6 0 


7 o 


6 0 


4 0 


'?G 


100 


100 


1 0 C 


7 5 


100 


100 


35 


30 


15 


100 








20 




5 0 


30 




7 0 


1 0 0 


70 


80 


70 




8 0 


20 


0 


0 


0 


5C 


100 


10 0 


60 


60 


100 



6 5 0 5 0 50 

- 1.0 0 

- 85 



60 


70 


60 


75 


10 0 


75 


20 


10 


20 


7 0 


60 


10 


0 


10 


8 5 


60 


75 


20 


10 


10 




30 


7 0 


3 0 


100 


100 


4 0 


2 0 


2 0 


100 


80 


10 


10 


2 0 


60 


30 


0 


0 


0 


3 0 
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1 CliJlC V? 


COXPOU1 






2 


D TT T? M ^ P P IT MP P 






r\ i K . U. ci X DLUt'JJ.ah 










15 




3 5 


0 


Chic /cw sed 


15 


1 0 


is j i-i r\ fa ** 1 d> 
:^crdLlIl^-r L fci 


6 0 


2 0 


L>Ow*.y L/I. Uillt! 


c 




P ^ " i nm f O \ 






Pi v ~ P> c-< "1 f" O V t" rl " 1 


10 


Q 


i,. u i.J . Leu 'j^ja ^.y l d 


0 


o 










8 5 


95 




0 




Ksdr GO t Pi OV.'GG; cl 


SO 




\ r r-\ i^r — i r~. r^* 

v cy I a o 


0 




Scentless Ch.ci.mo 


0 




^os^dwsl — 


IOC 


7 0 


,b p r i n cj B ci r 1 e y 




Q 


Wheat (Spring: 




o 


Whea r. ( W inter .:■ 




0 


Wild buckwheat 




2 0 


W i 1 ci mu stare 


c 


10 


Wild oat C) 


c 




Windgrass 


0 


0 


Winter Barley 


0 


0 
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Table G 






^.ate ib g / na 




a 
A 


POsTEMERGENCc. 






Annual Eluegras 


r a 


1 p 
r o 


Slackgrass ( 2 > 


4 0 


a* a 


Bik Nightshade 


10 0 




Chi ckweed 


1 0 0 


10 0 


Deadnettle 


1 0 0 


1 0 G 


Downy brorr.e 


3 0 


2 0 


Field violet 


10 0 


5 C 


Gal i um ( 2 ) 


b K. 


1 c 

1 ^ 


Green foxtail 


6 5 


c A 


Jointed Goatgra 


2 0 


1 0 


Koch i a 


6 0 


2 5 


Larrxisqua rt er s 


l U 0 


_ 'J u 


LS Canarygrass 


100 


2 0 


Rape 


5 0 




Redroor Pigweed 


i p a 
1 x j u 


A - 
O _j 


Ru ssiar. Thistle 


1 \j U 


~t T 

1 .) 


Ryegrass 


2 0 


1 0 


Scentless Chamo 


5 0 


7 5 


Speedwei 1 


10 0 




Spring Barley 


2 0 


2 0 


Sugar beet 


1 0 0 




Sun £ lower 


6 5 




Veronica hedera 


10 0 


7 5 


Wheat { Spring ) 


1 0 


2 0 


Wheat (Winter ) 


A r-, 

-i -J 


1 A 
1 'J 


W i 1 d buc kwh eat 


6 0 


3 0 


Wild mustard 


100 


65 


Wild oat (1) 


7 0 


100 


Wild oat (2) 


95 


45 


Windgrass 


50 


10 


VJinter Barley 


20 


10 
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COMPOUND 



/ 

H 


J! 




7 




9 


3 0 




z L. 


/i p 




P P 














^ p 






1 U U 


i a a 


R ^ 
D D 






1 P. Pi 


1 U 'J 


10 0 


l U 0 


/ ^ 


q a 




/ D 


1 P. A 
1 U J 


o 5 


1 a a 
1 U U 


•* Q 
■-t A 


A 






; J 




2 0 


p 


a 


3 u 


1 A 
1. U 


~ r 


... 


3 0 


45 


30 


60 


5 0 


60 


5 0 


3 0 


2 C 


50 


30 


60 


3 0 




- ^ a 


- r 


L u'J 






i p r 




1 0 


0 


4 0 1 




'1 A 


4 0 


5 5 


a 


■1 A 




^ A 


,'1 Pi 




100 


100 


2 0 


100 


ICO 


100 


100 




2 0 


4 0 


50 


ICO 


30 


100 


6 0 


<~ r \ 




£ ■"' 


^ A 
-3 U 




^- .J 'J 


7 0 


8 0 


0 


1 00 


6 0 


BC 


7 0 




_) 


r, 


- r-, 


i p 




2 0 


b 0 


o j 


O 'J 


-? r. 


7 P 


O v_- 


i ^ 


1 0 


-1 .—. 
' J 


■J 


1 -J V-' 






-j .-. 


7 0 


- 

100 


- 

3 0 


65 


- 

60 


- 

7 5 


- 

7 0 


^ -J 


i a 
j-. 




C -> 


~i P 


1 0 


7 0 


10 


15 


0 


50 


3 0 


5 


5 0 


2 0 


4 0 


10 


50 


10 


6 0 


2 0 




60 






6 0 


3 0 


100 




7 5 


30 


100 


75 


3 0 


8 5 




10 


3 0 


3 0 


50 


2 0 


5 0 


10 


20 


5 


55 


2 0 


0 


2 0 
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Table G 


COMPOU 


Rate 16 g/ha 


1 


2 


PRE! EMERGENCE 






Annual Bluegras 


0 


0 


Blackgrass (2) 


0 


5 


31* Nightshade 


35 


0 


Chi ckweed 


2 0 


0 


Deacnettl e 


15 


0 


D o wn y b r o m e 


0 


0 


Ga 1 1 i;m ( 2 ) 


o 


o 


Green foxtail 


n 


0 


Joinced Goatgra 


0 


0 


Kcch:a 


10 


3 0 


Lambs qua r ters 


7 0 


9 5 


L S Canarygrass 


0 


0 


Redroot. P i gweed 


75 


65 


Ryegrass 


G 


0 


Scentless Chamc 


_ 


0 


Speed we 1 1 


6 0 


60 


Spring Barley 




o 




0 


0 


Wheat; {Winter} 


0 


ri 


Wild buckwheat: 


o 


c 


Wild mustard 


0 


5 


Wild oar. (I) 


0 


0 


Windgrass 


0 


0 


Winter Barley 


0 


o 
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Table G 



Ra z e 8 g / ha 






4 










Annual Bluegras 








5 lacker as s ( 2 ) 


3 Q 






3l;< Nigntsnaae 


1 U U 


8 5 


100 


Chickweed 






1C0 


Deadnettle 


100 


5C 


60 


Downy brome 


20 


10 




Field violet 


7 5 


15 


60 


Gal lum ( 2 ) 


50 


15 


40 


Green f oxtai 1 


65 


7 5 




Jointed Goatgra 


20 


0 




lochia 


55 




50 



Lambscuarters ICC 3 0 6o 
LS Canarygrass 10 0 5 
Rape 4C 



Redroot Pigweed 


60 


25 


50 


Russian Thistle 


100 




60 


Ryegrass 


10 


0 




Scentless Chamo 


65 


25 


5 0 


Speedwel 1 


65 


35 




Spr i ng Barley 


10 


0 


10 


Sugar beet 


100 






Sunflower 


55 






Veronica hedera 


100 




50 


Whea: (Spring) 


10 


0 


10 


Wheat (Winter; 


10 


0 


10 


Wild buckwheat 


40 


0 


2 5 


Wild mustard 


100 






Wild oat ( 1 ) 


3 0 


10 




Wild oat (2) 


75 


15 




Windgrass 


30 


0 




Winter Barley 


10 


0 


10 
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5 


7 


8 




30 


10 


40 


55 


10 




1 0 


10 


20 


10 


2 0 


4 0 


1 0 0 


7 5 


100 


75 


o u 


7 0 


50 


100 


8 0 




3 0 


3 0 


100 


5 5 


n 




2 0 


o 


40 


.3 0 


4 0 


5 0 


60 


5 0 


10 


30 


10 


60 


2 0 






6 5 


100 


65 


0 


1 ft 


i n 


1 0 


3 0 


3 V 


- - 
.1. J 


~< C\ 




3 3 


2 0 


75 


95 


100 


70 


40 


4 0 


65 


25 


65 


1 0 


5 0 


3 0 


70 


70 


Q 


75 


5 0 


4 0 


7 0 


0 


5 


10 


0 


20 


5 0 


60 


6 0 


60 


7 0 


0 


40 


10 


10 


2 0 



30 


60 


60 


100 


60 


10 


3 0 


15 


10 


4 0 


0 


3 0 


2 0 


5 


30 


0 


3 0 


0 


4 0 


10 


30 


50 


50 


3 0 


100 


2 0 


50 


40 


2 0 


7 5 


3 0 


4 0 


5 0 


10 


3 0 


0 


3 0 


10 


10 


10 
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Table G 


COMPOS 


Race 8 q / he 


- 


n 


PREEMERGENCE 






Annua 1 Bluegras 


0 


0 


Biackgrass (2) 


0 


0 


P, " ^ Mi r 7 H — c: Vi =» H ci 


G 


• 0 


v.. t 1 v . .. vv ™ ~ 


0 


o 


IDs a c i ri e t t 1 © 


5 


0 


OOUHTV* t~* T~ OTT1 
i_vwv\iiijf i_/ a. wilier 


o 


0 


Galium { 2 ) 


q 


0 


l' " ' v- ^ d p * f") '/ t" ^1 1 1 




0 


"In i ^ f n 




c 


K o c h i a 


c 


r, 


Lambs qua rters 


5 0 


65 


L S CanarvQrass 


0 


r> 


P;edr oo t Pi cv/ooci 


5 3 


25 


Ryegrass 


Q 


0 


Scentless C h a mo 


0 




1_ r — . V_l <\ t L _L 


2 C 


3 0 


Qn r i ""iri P,a 1 v 

>_ J - i ■ i^c^l — _L — y 


0 


o 


Whea t ( Spr ing ) 


r 


0 


W heat (Winter J 






Wild buckwheat 






Wi Id mustard 


C 


0 


Wi Id oat ( 1 } 


Q 


0 


Windgrass 


c 




Winter Barley 


o 


0 
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Table G COMPOUND 



Rate 4 y/ha 












3 C 


PO ST EMERG ENC E 














Annual Bluegras 


3 0 




10 


2 -J 


10 


i o 


31ackgrass { 2 ) 


40 


5 


1 0 


1 0 




10 


31 k Nightshade 


100 


7 5 


3 0 






7 0 


Chickweed 


50 


6 0 


50 




5 0 


7 0 


Deadnettle 


1 0 c 


'j 




2 0 


10 


30 


Downy b r orr.e 


20 


0 






0 


2 0 


Field violet 


6C 


0 


3 0 


3 0 


4 0 


4 0 


Gal ium (2) 


3 0 


15 


0 


;j 


10 


10 


Green foxtail 


60 


6 0 


3 0 




4 5 


50 


Joint: eel Go atgra 




0 




"-' 




2 0 


Kcchia 


3 0 




2 0 




10 


3 0 


La nibs qu arters 


6 0 


2 5 


15 


' 


6 5 


5C 


LS Canary grass 


5 5 




2 0 


3 0 




C *J 


Rape 


3C 












Redroo: Pigweed 




10 


30 


3 0 


4 0 


5 0 


Russian Thistle 






0 


7 0 


10 


50 


Ryegrass 


5 




0 






i. 


Scentless Chan-o 


5 5 




1 0 


5 0 


5 0 


6 0 


Speedwell \ 


4 0 


15 










Spring Barley 


5 


0 


0 




0 




Sugar beet 


100 








" 




Sun f lower 


50 












Veronica hedera 


100 




3 0 


5 0 


3 0 


50 


Wheat (Spring) 


5 


0 


5 


3 0 


c 
_J 


3 0 


Whea t (Winter ) 


5 


c 


0 




0 


1 0 


Wild buckwheat 


50 


0 


0 


3 5 


0 


0 


Wild mustard 


100 


15 


15 




0 


6 0 


Wild oat (1) 


o n 


5 


10 


3 C 


10 


30 


Wild oat (2) 




0 










Windgrass 


10 


0 


o 


10 


0 


2 0 


Winter Barley 


10 




0 


10 


0 


5 
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Table G 


compou; 


Rate 4 g/ha 




2 


PRE EMERGENCE 






Annual Eluegras 


C 


0 


Blackgrass (2) 




0 


Elk Nightshade 




0 


Chickweed 




0 


Deadnett le 


0 


0 


Downy brome 


o 


0 


Galium { 2 ) 


0 




Green foxtail 


0 


o 


Jointed Goatgra 


r 


0 


Kochia 


o 


0 


Lambs qua r z er s 




2 5 


LS Car.arygrass 


o 


o 


Red r oo c Piaweed 


o 


1 0 


Ryegrass 


o 


G 


Scentless Chamo 


0 


o 


Speedwell 


15 


15 


Spring Barley 


rs 


Q 


w 1 1 « a i opriny ,■ 




0 


Wheat (Winter) 


0 




Wild buckwheat 






Wild mustard 




Q 


Wi Id oat { i ) 


Q 


0 


Wind grass 


c 


0 


Winter Ear ley 




0 
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T EST H 



Seeds, tubers, or plant parts of alexandergrass (Brachiaria plaiuaginca). aitalta 
(Medicago saliva), bermudagrass ( Cynodon dactylon), broadlcaf sigaalgrass 
(Brachiaria plantyphylla). common purslane (Portuiaca oleraceal common ragweed 
(Ambrosia elatior). cotton (Gossypium hirsutum). dallisgrass (Paspalum dilaiatum). 
soosegrass (Eleusine indica). guineagrass (Panicum maximum), itchgrass (Rottboellia 
exaltaia), johnson grass (Sorghum halepense), large crabgrass (Digitaria sanguinalis). 
peanuts (Araclus hypogaca), pitted morningglory (Ipomoea lacunosa). purple nutsedge 
(Cvperus rotundas), sandbur (Cenchrus echinatus). sourgrass (Trichachne insularis). 
Surinam grass (Brachiaria decumbens) and texas panicum (Panicum Texas) were 
planted into greenhouse pots of flats containing greenhouse planting medium. Plant 
species were grown grown in separate pots or individual compartments. Preenicrgencc 
applications were made within one day of planting the seed or plant part. Postemergence 
applications were applied when the plants were in the two to four leaf stage (three to 
twenty cm). 

Test chemicals were formulated in a non-phyioioxic solvent mixture which 
included a surfactant and applied preemergence and postemergence to the plants. 
Untreated control plants and treated plants were placed in the greenhouse and visualU 
evaluated for injury 13 to 21 days after herbicide application. Plant response ratings, 
summarized in Table H, are based on a 0 to 100 scale where 0 is no injury and 100 is 
complete control, A dash {-) response means no test result. 



Table H COMPOUND 


Table H 


Rare 1 0 G C c / ha 1 


Rato 1000 g/ha 


POSTEMERGENCE 


PREEMERGENCE 


Alexandergrass 


Alexandergrass 


ADexander grass 


3er~ucagrass 


Bemudagrass 


Brdlf Sgnlgras 


Brdlf Sgnlgrass 


Cmn Purslane 


Cmn Purslane 


C mr: R tx g w e e d 


Cn\n Ragweed 


Cotton 


Cor con 


Dal li^giass 


Dallisgrass 


Goosegrass 


Goosegrass 


Guinea Grass 


Guineagrass 


Guineagrass 


Itchgrass 


I tchgrass 
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Johnson grass 
Large Crabgrass 
Peanuts 

Pit Morning lory 
Purple Nut 3 edge 
Sandbur 
Sourgrass 

Sugarcane 9 0 

Surinam grass 



Johnson grass 
Johnscngrass 
Large Crabgrass 
Peanuts 

Pit Morning lory 
Purple Nut sedge 
Sandbur 
Sourgrass 

Sugarcane 35 
Surinam grass 



Tabie H CO M POUND 

Rate 500 g/ha 1 

POSTEMERGEXCE 

Alexander grass 

ADexandercrass 

Bermudagrass 

HrdTf Sgnlgrass 

Crrn Purslane 

C r.n R agweed 

Cor. ton 

Daliisgrass 

Goosegrass 

Guinea grass 

Ttchgrass 

Johnson grass 

Large Crabgrass 

Peanuts 

Pit Morning lory 
Purple Nut sedge 
Sandbur 
Sourgrass 

Sugarcane 80 
Surinam grass 



Table H COMPOUND 

Rate 500 g/ha i 

PREEMERGENCE 

Alexandergrass 

Bermudagrass 

Brdlr" Sgnlgrass 

Cmn Purslane 

C mr Ragweed 

Cotton 

Dallisgrass 

Goosegrass 

Guinea Grass 

Guineagrass 

Itchgrass 

Johnson grass 

Johnsongrass 

Large Crabgrass 

Peanuts 

Pit Morning I cry- 
Purple Nut sedge 
Sandbur 
Sourgrass 

Sugarcane 10 
Surinam grass 
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Table H 



r\a c e i. j v.' g / na 






7 










Alexandergrass 


J. U 1 J 


9 0 


9 5 


.-v „j exan aeryi-aSb 


Q ft 

z? o 






Be rmudag rass 




* -J 


3 5 


T~ „ . 1 C- C" 1 v- = C t— 

brul L b^.-l-'i-aSS 






9 8 


Crnn Purslane 


i n ^ 
1 u u 




f S 


Cmn Ragweed 


1 U J 


1 0 J 




Con ton 


^ -J u 


Q P 


Q Q 


i;al 1 isgrass 


1 0 0 




G ^ 


Goosegrass 


Q c: 


, i r> 
4 L; 


D u 


Guineacrass 


c c 
y b 






I ichgra's s 


V -J 






Johnson crass 


1 U L' 


0 P 


C -J 


Large Crabgrass 


1 00 






Peanuts 


4 0 


60 


5 o 


P 1 1 Ko mingl ory 


100 


8 0 


85 


Purple Mu: sedge 


~ c 

/ 


7 5 


7 0 


Sand bur 


100 


6 0 




Scur grass 


9 0 


7 5 


65 


Sugarcane 


ao 






Sun na tti grass 


100 


9 0 


7-5 
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COMPOUND 



4 


5 


6 


12 


14 


24 


50 


9 5 


9 0 


7 0. 


7 5 


7 5 


90 


85 


9 0 


6 5 


6 5 


6 5 


6 5 


7 0 


7 0 


1 0 0 


5 0 


7 Q 


7 0 


65 


85 


cQ 


c ^ 




3 5 


4 0 


6 0 


o 


0 






■7 0 


7 0 


7 5 


7 5 




O P 


O .J 


i p n 

J_ \J 


o s 


7 5 


9 n 


9 3 




C t> 


o ^> 


P o 

o U 


ft ': 


9 0 


90 


y u 


O D 


/ ^' 


O _» 


9 H 


3 '5 


60' 


6 5 


/ _J 


■J u 


R n 


:n 


$0 


2 5 




o u 


.c n, 

D J 


R n 


7 


7 5 


7 0 


- 


7 5 


6 0 


75 


7 0 


5 0 


3 5 


80 


7 0 


75 


6 5 


7 0 


85 


9 8 


10 


7 0 


4 0 


4 0 


5. 0 


20 


10 


9 5 


v 5 


75 


6 0 


5 0 


80 


r. 5 




2 0 


2 5 


30 


6 5 


20 


4 5 


5 0 


75 


6.5 


7 5 


2 5 


8 0 


7 0 


7 0 


65 


7 0 


50 


6 0 


R5 


7 5 


90 


SO 


70 


75 




7 5 


4 5 
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Table H 










COMPOUND 












Rate 250 g/ha 


2 


2 




4 


3 


6 




: 4 


16 


2 4 


5 0 


PR-EMERGENCE 
























Alexander grass 


9 5 


98 


0 


0 


100 


100 


100 


100 


BC 


: o 


100 


B e rrr.u da g r a s s 


53 


100 


9 3 


9S 


100 


100 


100 


100 


100 


9 5 


100 


Brdlf Sgnlgrass 


9 5 


ICO 


_ 


0 


9 0 


100 


5 3 


95 


80 


4 0 


9 3 


Cmn Purslane 


100 


100 


95 


100 


:oo 


100 


100 


10 0 


100 


7 5 


3 0 


Cmr. Ragweed 


10C 


100 


100 


100 


- 


100 






100 




1 0 0 


Cot con 


100 


10 


15 


0 


3 0 


2 0 


5 0 


90 


10 


c 


93 


Da I li sgrass 


93 


100 


9 3 


20 


100 


100 


100 


100 


100 


c 


100 


Goosegras s 


3 0 


100 


S3 


93 


100 


10C 


100 


100 


93 


1 0 0 


100 


Guinea Grass 
























Gu ir.eagra ss 


9 5 


95 


2 0 


0 


95 


100 


30 


95 


3 0 


10 


6 5 


I tchgrass 


4 0 


5 0 


0 


0 


0 


10 




3 0 


r 


0 


2 5 


J c h "sen gras s 


3 5 


90 


SO 


7 0 


9 5 


9 3 


9 5 


9 5 


90 


35 


100 


Johnsor.grass 
























Large Crabgrass 


5 5 


100 


100 


93 


100 


10 0 


100 


ICC 


1 0 0 


35 


9 8 


Pea nu z s 


4 0 


8 0 


5 


c 


60 


3 5 


5 0 


4 0 


0 


2 0 


7 0 


Pit Morn ing lor v 


3 0 


9 5 


2 0 


3 5 


3 0 


9 5 


S 5 




9 0 


"7 ,'. 




Purple Nutsedge 


65 


20 


5 


10 


■ 0 


3 0 


30 


60 


1 0 


5 


3 0 


Sand bur 


: 00 


6 0 


3 0 


■~ r 


9 3 


3 5 


98 


6 5 


35 


0 


9 0 


Sourgrass 


100 


100 


.: 00 


90 


100 


100 


100 


100 


100 


95 


ICC 


Sugarcane 
























Surinam grass 


100 


3 5 


4 0 


b 


100 


: oo 


100 


9b 


9 3 


1C 


; c 
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Table K 

Rare 125 g/ha 

POSTEMERGENCE 

Alexandergrass 

A De x a nd e r 9 r a s s 

Ber muda grass 

Brdlf Sgr.lgrass 

Cmn Purslane 

Cr::i Ragweed 

Co:non 

Dal 1 isgrass 

Goosegrass 

Guineagrass 

I tchgrass 

Johnson grass 

Large Crabgrass 

Peanuts 

Pit: Morning lory 

Purple Nutsecce 

oandbur 

Sourgrass 

Sugar cane 

3 u r i nam grass 



COMPOUND 



X 




3 


4 


5 


12 


i 4 


3 0 


i u u 




7 f! 


7 5 


B0 


7 5 


75 


ac 


9 5 








O C 


5 0 


6 5 


5 5 


I 0 J 


77 U 


y u 


Ci l'"'. 


5 C 


5 0 


6 5 


7 5 


a U \j 


' 7 c: 


O D 


7 r, 


5 0 


3 0 


60 




i U U 


J o 


o u 


q t; 


3 0 


6 5 


;3 0 




1 n <' ■ 
1 U 


o u 

f - 


i o n 




6 5 


7 5 


6 5 


3 5 


1 U v. 1 


C t 

^ .J 


( * r 'i 


a J 




7 5 


8 0 


7 5 


3 5 


4 0 


1 n 
J U 






2 0 


2 0 


4 J 


y U 


/ D 


r ^ 


4 <"> 


8 0 


7 5 


8 0 


2 0 


9 0 








ao 


7 5 


70 


55 


100 


9 0 


65 


9 0 


3 0 


7 5 


7 0 


65 


9 5 


7 5 




80 


40 


65 


70 


8 5 


35 


10 


10 


10 




35 


30 


10 


100 


75 


35 


9 5 


65 


30 


35 


80 


9 3 


7 5 


5 0 


5 0 




3 0 


6 5 


2 5 


9S 


3C 


10 


40 


7 5 


10 


1 0 


60 


3 0 


75 


5 0 


3 0 


6 5 


5 0 


6 0 


7 5 


35 


90 


5C 


0 


as 


7 '3 


7 5 


3 5 
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Table H COMPOUND 



Rate 125 g/ha 


i 


2 


i 


4 


5 


5 


12 


1 4 


16 


PREEMERGZNCE 




















Alexandergrass 


95 


55 


0 


0 


98 


9a 


9 0 


9 0 


2 5 


Bermudagrass 


98 


1C0 


so 


80 


10 0 


100 


9 5 


9 0 


9 6^ 


Brdlf Sgnlgrass 


3 5 


7 5 


3 0 


0 


SO 


8 5 


9 5 


5 0 




C~n Purslane 


IOC 


8 0 


90 


1 0 0 


ICC 




1 0 0 


1 C 0 


100 


Cmri Ragweed 


100 


100 


.1 00 


10C 




100 






100 


Cotton 


6G 


0 


0 


0 


30 




1 0 


5 0 


1 0 


Da 1 1 i. a grass 


95 


: oo 


o 


0 


100 


9C 


9 5 


10 0 


1 0 0 


Goosegrass 


100 


100 


98 


90 


100 


100 


93 


100 


1 0 0 


Guinea Grass 




















Guineagrass 


6 5 


9C 






a 5 


9 0 


5 0 


4 0 


4 5 


Itchgrass 


10 


4 0 


0 


0 


o 


C: 


1 0 


j c 


o 


Johnson crass 


7 5 


40 


4 0 


0 


60 


9 0 


o 


7 5 


20 


John songr ass 




















La v OP Prpn^^^cc; 


1 0 C 


10 0 


q n 


i. U u 


-L J U 


.. J V' 


-i. 0 U 


I (J U 


9 8 


Peanuts 


4 0 


4 0 




0 


60 


3 0 


5 0 


10 


0 


Pit X o r n i no 1 o r y 


3 0 


75 


3 5 


3 0 


9 0 


95 


75 


5 0 


8 0 


Purple Nut sedge 




0 


5 


5 


C 


2 5 


3 0 


2 0 


0 


Sancbur 


85 


6 5 


20 


0 


9 5 


4 0 


5 0 




7 0 


Sour g r as s 


100 


TOO 


9 0 


7 0 


i CO 


100 


1 0 c 


100 


: oc 


ougar cane 




















Surinam grass 


9£ 


1C 


o 


0 


100 


9 8 


90 


35 


9 0 
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Table H COMPOUND 



Rate 6 4 g/ha 


I 


2 


3 


4 


5 


3 0 


POST EMERGENCE 














Alexandergrass 


100 


8S 


80 


7 5 


8 0 


80 


ADexander grass 














Bermudagr as s 


95 


7 5 


4 0 


B0 


6 0 


4 5 


Brdlf Sgnlgrass 


100 


85 


90 


9 0 


5 0 


6 5 


Cinn Purslane 


100 


75 


6 5 


7 0 


5 0 


0 


Crr.n Ragweed 


100 


93 


6 0 


90 


6 0 




Cot ton 


^ oo 


98 


7C 


9 0 


65 


3^ 


Da 11 i s grass 


1 0 0 


7 5 


7 0 


7 0 


8 0 


7 0 


Goosegrass 


7 5 


4 0 


3 5 


3 C 


6 5 


4 0 


Guineagrass 


80 


5 0 




5 C 


6 5 


0 


I tchgrass 


100 








7 5 


4 5 


Johnson grass 


100 


75 


65 


75 


8 0 


5 0 


Large Crabgrass 


9 0 


6C 


60 


90 


4 0 


7 5 


Peanuts 


25 


5 


0 


1 0 


6 0 


l: 

.J 


Pit Morninglory 


100 


6 0 


70 


9 0 


65 


60 


Pu rp i.o Nu t s edg e 


65 


75 


10 


3 5 


0 


2 0 


Sandbur 


7 5 




0 


2 0 


4 0 


4 0 


Sourgrass 


95 


6 0 


3 0 


3 5 


60 


75 


Sugarcane 














Surina" grass 


9C 


6 5 


30 


4 0 


7 0 


3 5 



BNSDOCID: <WO 9719087A1 J_> 



WO 97/19087 



PCT/LS96/18381 



Table H 






Rate 6 4 g/ha 






PREEMERGENCE 






A le:-:andergrass 


SO 


&C 


Eerrr.udagrass 


98 


100 


3rd 1 f Sgnlgrass 


0 


10 


Citji Purslane 


10 


6 0 


Cron HaowG^d 


100 


1 0 0 


Co: ton 


2 0 




Cal 1. i sgrass 


SO 




G o o segras s 


"■ r > *~* 




G uinea Grass 






G u i n e a g r a s s 




3 5 


Z i". chcrass 


o 


o 


vJ c rin s o n grass 


50 


2 0 


Johnsongrass 






Large Crabgrass 


5 0 


9 8' 


Pear.u t s 


5 


2 0 


?ir. Morning lory 


9 0 


65 


Purple Nut s edge 


G 


0 


Sandbur 


4 0 


50 


Sourgrass 


100 


100 


Sugarcane 






Surinam grass 


9R 


0 
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COMPOUND 



3 




5 


5 


1 6 


30 


0 


0 


3 0 


0 


o 


2 0 


50 


75 


95 


9 0 


35 


100 


2 0 


0 


5 0 








65 


50 


1 0 0 




- on 

— \.j \j 




ao 


100 




1 0 0 


100 


100 


0 


0 


3 0 


0 




4 0 




c 


10 0 


9 0 


O r: 

-J 


*7 f i 

. -j 


5 0 


9 8 


100 


9 3 


9 ?, 


100 


o 


i~ 


1 0 


5 0 


Q 








o 








0 
- 


0 


30 


2 0 




0 


0 


- 

5 0 


- 

7 5 


- 
7 0 


- 

93 


- 

100 


0 


0 


60 


0 


0 




c 




75 


SO 


4 0 


40 


c 


0 


0 


5 


0 


0 


0 


0 


6 5 


0 


5 0 


80 


90 


4 0 


100 


98 


9 8 


2 00 




C 


9 5 


2 0 


B0 


o 
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Table H 




COKPO 








Rate 3 2 g/ha 




z 


3 


■4 




POSTEMSRGENCE 












Alexander grass 




7 5 


7 5 




q n 
c U 


ADexander grass 












Berrr.udagrass 


90 


60 


40 


7 0 


50 


Brdlf Sgnlgrass 


9 5 


8 0 


4 0 


Q Q 
" O 


-j J 


Cmn Purslane 


95 


60 


4 0 


6 5 


5 0 


C rrxi Rag w e e d 


ICO 


9 8 


7 5 


Q 5 


5 0 


Cotton 


100 


7 5 


v 


7 J 


5 0 


Dal 1 isgrass 


95 


75 


4 0 


7 c -. 


8 0 


Goosegrass 




3 0 


*■* ~ 


3 0 


6 5 


Gumeagrass 


7 5 


3 C 


4 0 


2 0 


6 5 


I tchgrass 


£0 










Johnson grass 


10 0 


65 


2 0 


5 0 


/ U 


^arge Crabgrass 


9 0 


4 0 


3 5 


5 C 


3 j 


Peanuts 




r. 


0 


10 


^ 0 


Pit Morninglory 


100 




7 0 


G Q 


3 5 


Purple Nut sedge 


65 


40 


10 


1 0 


0 


Sandbur 


50 




0 


2 0 


50 


Sour grass 


8 0 


6 0 


4 0 


3 0 


6 0 


Sugarcane 












Surinam grass 


8 0 


45 


4 0 




6 5 
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Table H 






COMPOUND 






Race 3 2 c/ha 




2 


3 


4 




6 


16 


PRE EMERGENCE 
















Alexander grass 


2 0 


45 


0 


0 


0 


20 


0 


Bermuda gr as s 


98 


75 


4 0 


30 


50 


90 


7 5 


Brdir Sgnlgrass 


CI- 


C 


0 


0 


5 0 


0 


0 


Cmn Purslane 


SC 


4C 


40 


30 


100 




100 


Crm Ragweed 


SO 


80 


100 


75 


- 


100 


100 


Cotton 


5 0 


0 


0 


0 


2 0 


0 


o 


Da 1 1 i. sgr a ss 


65 


2 0 


0 


C 


100 


10 


o 


Goosegras s 


25 




0 


9 0 


100 




90 


Guinea Grass 






- 


- 


- 




0 


Gu i near; r a s s 


; o 


6 0 


o 


0 


iC 


4 0 




I ichcjra ss 


0 


0 


- 


c 


0* 




0 


John 5j o n grass 


10 


o 


c 


c 


o 


10 




J ohnsongras s 






- 


- 


- 




r 


large Crabgrass 


4 0 


75 


0 


3 0 


7 0 


6 5 


7 5 


P ea nu t s 


o 
j 




0 








f\ 
0 


Pit Morning lory 


SO 


50 




30 


20 


7 5 


25 


Purple Nut sedge 


c 


0 


c 


0 


0 


0 


0 


3a ndbur 




0 


0 


c 


5C 


0 


0 


Sourgrass 


98 


100 


0 ' 


20 


J 0 0 


9H 


a 5 


Sugarcane 
















Surma::, grass 


IC 


0 


o 


0 


40 


0 


0 
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Ta b 1 e H COM POUND 



Race lo g/na 






3 




5 


POST EMERGENCE 












Alexandergrass 


-_ 

i ~J 


i \j 


c 0 


6 0 


7 5 


ADexandergrass 












3e rmudagr as s 


7 U 


a n 




^ 0 

.J v.' 


d a 


Brdlf Sgnlgrass 




/ D 




"> p. 




Cmn Purslane 


Q C 


J 


0 P. 

z u 


£ Pi 




Crrjn Ragweed 


1 U u 


t v 


/ U 


"7 ~ 




Cotton 


1 0 0 


a ^ 
O ^ 






**> p 


Ud lli sgrass 






p< 




p Pi 


Goo s ear as s 


"7 0 


3 0 






'I :J 


Guineayrass 


b U 


_• 0 






Tj .J 


i l c ng r a s s 


6 0 








5 0 


Johnson grass 




-J D 


P 




60 


Large Crabyrass 


75 


3 C 


5 


50 


3 5 


Peanuts 


c 


0 


0 


10 




Pit Morning lory 


90 


30 


10 


R0 


3 5 


Purple Nu t sedge 


9S 


2 0 


5 


5 


0 


Sandbur 


7 5 


2 0 


0 


2 0 


20 


Sourgr as s 


7 5 


4 0 


10 


2 0 


60 


Sugarcane 












Sur man: grass 


7 0 


4 5 


20 


4 v 


5 0 



Table H 




COM POUND 






Rate 16 g/ ha 




2 


2 


4 




P RE EM E RG E N C E 












Alexandergrass 


0 


3 0 


0 


0 


0 


Bermudagrass 


3 5 


0 


4 0 


3 0 


3 0 


3rdlf Sgnlgrass 


0 


0 


0 


0 


5 0 


Cmn Purslane 


0 


0 


4 0 


0 


&C 


Cmn Ragweed 


5 0 


2 0 


100 


2 C 




Cot: ton 




0 


0 


0 


c 


" i i harass 


5 


0 


0 


0 


50 


Cooseg rass 


0 


2 0 


0 




;-c 


G u i r. e a Gras s 












G j i n e a g r a s s 


0 






-. 


0 


I t: char ass 


0 


o 






: 


Johnson grass 


r-. 


o 


0 




0 


John song rass 




- 


- 


_ 


_ 


Larqe Crabgrass 


2 0 


c 


pi 




30 


Peanuts 


P; 


p 


0 


p 


o 


Pit: Morning! ory 


50 


0 


0 


0 


20 


Purple Nut sedge 


0 


0 


o 


0 




Sandbur 






0 




0 


Sour grass 


9 R 


7 0 




f; 


95 


Suya rcane 












Surinam crass 


2 0 


0 


o 


0 


1 0 
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Tabl< 



COMPOUND 



Race 8 g/ha 






3 


4 


5 


POSTEXERGENCE 












Alexandergrass 




7 0 


10 


5 


60 


ADexander grass 












Bermudagrass 


8C 


40 


o 


35 


4 0 


Brdlf Sgnlgrass 


75 


40 


o 


o 




Cmn Purslane 


9 0 


2 5 


2 0 


50 


" 0 


Cmn Ragweed 


9 5 


5 0 


4 0 


o 


o u 


Cot CO" 


100 


4 0 


o 


■j 


2 0 


Dall isgrass 


5 0 


10 


2 0 


1 0 


SO 


Goes ear ass 


60 


0 


0 


o 


1 0 


Guir.eagrass 


4 0 


2 0 


0 


5 


2 0 


I tchgras s 


3 0 








5 C 


John s on eras s 


c r, 


30 


0 


5 


50 


La i. u "... v ci I J'^. i a ^ 






5 


3 5 


3 5 


Peanuts 


f: 


0 


0 


10 


30 


Pit Morr.inglory 


7 5 


0 




7 5 


20 


Purple Nutsedge 


0 


2 0 


G 


Q 




Sandbar 


75 


0 


0 


20 


10 


Sourgrass 


er> 


2 0 


0 


0 


3 0 


Sugarcane 












Surinam grass 


4 0 


10 


0 


c 


65 



Table H 

Ra t e c g / ha 

PREEMERGE N C E 

Alexandergrass 

Bermudagrass 

Brdlf Sgnlgrass 

Cmn Purslane 

Cirn Ragweed 

Cotton 

Dal 1 isgrass 

Goosegrass 

Guinea Gras> 

Gu i nea grass 

1 tchgras s 

Johnson grass 

Johnsongrass 

Large Crabgrass 

Peanuts 

Pit Korninglory 
Purple Nutsedge 
Sar.dbur 
Sourgrass 
Sugarcane 
Surinar. grass 



COMPGUN^ 



0 




r. 


5 


0 


0 


0 




0 


0 


o 


30 


■-, 


0 


5 0 




0 


0 


5 


0 


0 


0 







2 0 
0 
SO 

0 



0 
5 0 

c 



8 0 50 



0 

0 
0 
0 
0 
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Table H COMPOUND 



Rate 4 g / ha 


l 






POST' EM E RGENC E 








Alexandergrass 


i n n 


6 0 


6 0 


A De xandergrass 








Bermudagrass 


.* D 


o 


2 0 


Brclf Sgnlgrass 


/ D 


4 0 


o 


Cmn Purslane 


6 5 


U 


U 


Cmn Ragweed 


8 0 


6 5 


3 0 


Cotton 


SO 


0 


2 0 


Dal 1 i sgrass 


2 U 


0 


D 5 


Goosegrass 


3 0 






Guinea grass 


10 






I tchgrass 






•-J 


Johnsori grass 


3 5 


;~\ 


/ J 


Large Crabgrass 


5 5 


ft 


2 0 


Peanuts 




0 


3 0 


Pit Morninglory 


ec 


0 


2 0 


Purple Nutsedge 


fi 


0 


0 


Sandbur 


35 






Sour grass 


" 5 


1 c 


. 10 


Sugarcane 








Su r inarr. grass 


5 0 


0 


3 0 



Table H 




COMPOUND 


Rate 4 g/ha 


i 


2 


5 


PREEMERGENCE 








A.l exandergr as s 


0 


10 


0 


Bermudagrass 


0 


Q 


0 


Brdlf Sgnlgrass 


o 


0 


10 


Cmn Pur s lane 




0 


r. 


C run Ra q we e ci 


0 


0 




Cot ton 


0 


0 


0 


r"i.=5~! "! * o n r" A 


o 


0 


1 0 


Goosegras s 


o 


0 


- 


rv i ■ Grass 




.- 


- 


f - ,^ - T-i ^ t' c; 
O 'j. - ; ltravl » d o o 








1 l_ - L vj <L-1 -J 






o 


Conn son grass 


0 


■0 




Jchnsor.grass 




_ 




i_,ci r g l i a — 'y — a — *-' 


2 0 


C 


:c 


Peanuts 


0 


0 




Pit: Morninglory 


6 C 




0 


Purple Nutsedge 


0 


o 




Sandbur 




0 


0 


Sourgrass 




2 0 


0 


Sugarcane 








Sur : nam grass 


c 


Q 
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CLAIMS 

What is claimed is: 

1. A compound selected from Formula I, A^-oxides and agriculturally-suitable 
salts thereof, 

5 

O 



cr j 
i 





J is 




X is O, S(0) r> N(C,-C 2 alkyl) or CH 2 optionally substituted with 1-2 C,-C 2 alkyl 
Y together with the carbons to which it is attached form a phenyl ring or a fused 
five or six-membered heterocyclic ring, which may be fully aromatic or 
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partially or fully saturated, containing 1 to 3 heteroatoms independently 
selected from the group nitrogen, oxygen, and sulfur, provided that the 
heterocyclic ring contains no more than 2 oxygens and no more than 2 
sulfurs, and the ring is optionally substituted with one to three groups 

5 independently selected from the group Cj-C^ alky). C r C ( , haloalkyl, C r C (1 

alkoxy, C r C 6 haloalkoxy, C r C 6 alkylthio, C r C 6 haloalkylthio, C r C 6 
alkylsulfinyl, C r C 6 haloalkylsulfinyl, C r C 6 alkylsulfonyl. C r C 6 
haloalkylsulfonyl, aminosulfonyl, C r C 2 alkylaminosulfonyl. C2-C4 
dialkylarninosulfonyl, NR 15 R 16 , C 2 -C 0 alkoxyalkyl, C 2 -C 0 alkoxycarbonyl, 

10 C 2 -C 6 alkylcarbonyl, halogen, cyano, nitro, phenyl optionally substituted 

with C r C 3 alkyl, halogen, cyano or nitro. and pyndyl optionally substituted 
with C1-C3 alkyl, halogen, cyano or nitro, provided that when a nitrogen 
atom of the fused heterocyclic ring is substituted, then the nitrogen 
substituent is other than halogen; 

15 Z is selected from the group -CH 2 CH 2 CH 2 -, -OCH 2 CH 2 -, -OCH=CH-, 

-NR^CH 2 CH r , -NR 13 CH=CH-, -N=CHCH 2 -. -OCH 2 0-, 
-NRl 3 CH 2 NR* 3 -, -N=CHNR 13 -, -CH 2 OCH 2 ~, -CH 2 NR l3 CH 2 -, 
-CH 2 S(0) r CH 2 -, -CH 2 C(0)CH 2 -, -CH=NCH 2 -, -CH 2 CH r . -OCH r , 
-SCH 2 -, and -NR 13 CH 2 -, each group optionally substituted with one to four 

20 R-\ and the directionality of the Z linkage is defined such that the moiety 

depicted on the left side of the linkage is bonded to the carbonyl carbon of 

R 1 and R 2 are independently H, C r C 6 alkyl, C r C 6 haloalkyl. C r C 6 alkoxy, 
C r C 6 haloalkoxy, C,-Q, alkylthio, C r C 6 haloalkylthio, C r C tS 
25 alkylsulfinyl, C r C 6 haloalkylsulfinyl, C,-C 6 alkylsulfonyl, C r C 6 

haloalkylsulfonyl, aminosulfonyl, C r C 2 alkylaminosulfonyl. C 2 -C 4 
dialkylarninosulfonyl, halogen, cyano or nitro; 

each R 3 is C,-C 2 alkyl; 

R 4 is OR 14 , SH, C r C 6 alkylthio, C r C 6 haloalkylthio, C r C 6 alkylsulfinyl, C r C 6 
30 haloalkylsulfinyl, C r C 6 alkylsulfonyl, C r C 6 haloalkylsulfonyl, halogen or 

NR 15 R 16 ; or R 4 is phenylthio, phenylsulfonyl or -SCH 2 C(0)Ph, each 
optionally substituted with C r C 3 alkyl, halogen, cyano or nitro; 
each R 5 is independently H, C r C 3 alkyl, C 3 -C 6 alkenyl. C 3 -C 6 alkynyl, C r C 3 
alkoxy, formyl, C 2 -C 6 alkoxycarbonyl, -CH(C r C 3 alkoxyK C r C 3 
35 alkylthio, C 2 -C 4 alkylthioalkyl, cyano or halogen: or when two R^ arc 

attached to the same carbon atom, then said R-^ pair can be taken together to 
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form -OCH 2 CH 2 0- ? -OCH 2 CH 2 CH 2 0-, -SCH 2 CH 2 S- or -SCH 2 CH 2 CH 2 S-. 

each group optionally substituted with 1-4 CH 3 ; 
R 6 is OR 14 , SH, C r C 6 alkylthio, C r C 6 haloalkylthio, C,-C 6 alkylsulfinyh C r C 6 

haloalkylsulfinyl, C r C 6 alkylsulfonyl, C r C 6 haloalkylsulfonyl, halogen or 
5 NR 15 R 16 ; or R 4 is phenylthio, phenylsulfonyl or -SCH 2 C(0)Ph, each 

optionally substituted with C r C 3 alkyl, halogen, cyano or nitro; 
R 7 is H, C r C 6 alkyl, C r C 6 haloalkyl, C 3 -C 6 alkenyh C 3 -C f , alkynyi or 

-CH 2 CH 2 OR 13 ; or R 7 is phenyl or benzyl, each optionally substituted on the 

phenyl ring with C]-C^ alkyl, halogen, cyano or nitro; 
10 R 8 is H, C,-C 6 alkyl. C r C 6 haloalkyl, C r C (l alkoxy, C r C 6 haloalkoxy. halogen, 

cyano or nitro; 

R 9 is II , C r C 6 alkyl, C r C 6 haloalkyl, C 3 -C 6 cycloalkyl or C 3 -C 6 halocycioalkyl; 
R i0 is H, C 2 -C 6 alkoxycarbonyh C?-C 6 haloalkoxycarbonyl, CO ? H or cyano; 
R 1 1 is C r C 6 alkyl, C r C 6 haloalkyl, C 3 -C 6 cycloalkyl optionally substituted with 
15 i-4C r C 3 alkyl or C 3 -C 6 halocycioalkyl; 

R 12 is cyano, C 2 -C 6 alkoxycarbonyh C 2 -C^ alkylcarbonyl, S(0) r R 16 or 

C(0)NR 15 R^; 
R 13 is H orC r C 6 alkyl; 

R 14 is H, C r C 6 alkyl, C r C 6 haloalkyl. C 2 -C 6 alkoxyalkyl, forrnyi, C 2 -C 6 
20 alkylcarbonyl, C 2 -C 6 alkoxycarbonyl, C(0)NR 15 R 16 , C r C 6 alkylsulfonyl or 

C r C 6 haloalkylsulfonyl; or R 14 is phenyl, benzyl, benzoyl, 
-CH 2 C(0)phenyl or phenylsulfonyl, each optionally substituted on the 
phenyl ring with C r C 3 alkyl, halogen, cyano or nitro; 
R 15 isHorC,-C 6 alkyl; 
25 R J6 is C r C 6 alkyl or C r C 6 alkoxy; or 

R 15 and R 16 can be taken together as -CH 2 CH 2 -, -CH 2 CH 2 CH 2 -, 

-CH 2 CH 2 CH 2 CH r , -CI1 2 CH 2 CH 2 CH 2 CH 2 - or -CH 2 CH 2 OCH 2 CH 2 -; 
m is 0, 1 or 2; 
n is 1 or 2; 
30 p is 0, 1, or 2; and 

r is 0, 1 or 2. 
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M5 



R 18 




J-16 
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J-23 J-24 
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J-31 J-32 
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R 17 is H, C r C 6 alkyl, C r C 6 haloalkyl, C r C 6 alkoxy, C r C 6 haloalkoxy, C,-C f) 
alkylsulfonyl, C r C 6 haloalkylsulfonyl, aminosulfonyl, C r C 2 
alkylaminosulfonyK C 2 -C 4 dialkylaminosulfonyl. C 2 -C 6 alkoxyalkyl, C 2 -C<, 
5 alkoxycarbonyl or C 2 -C 6 alkylcarbonyl; or R 17 is phenyl or pyridyl, each 

optionally substituted with C r C 3 alkyl, halogen, cyano or nitro; 
each R lH is independently H, C r C 6 alkyl, C r C 6 haloalkyl, C r C 6 alkoxy, C,-C (l 
haloalkoxy, C,-C 6 alkylthio, C,-C 6 haloalkylthio, C,-C 6 alkyLsulfinyl. 
C r C 6 haloalkylsulfinyi, C r C 6 alkylsulfonyl, C r C 6 haloalkylsulfonyl, 
10 aminosulfonyl, C r C 2 alkylaminosulfonyl, C 2 -C 4 dialkylaminosulfonyl. 

-NR 15 R 16 , C 2 -C 6 alkoxyalkyl, C 2 -C 6 alkoxycarbonyl, C 2 -C 6 alkylcarbonyl. 
halogen, cyano or nitro; 
each R 19 is independently H, C,-C 6 alkyl, C r C 6 haloalkyl, C 2 -C 6 alkoxyalkyl, 
C 2 -C 6 alkoxycarbonyl or C 2 -C 6 alkylcarbonyl; and 
15 q is 0, 1 or 2. 

3. A compound of Claim 2 wherein: 
QisQ-1. 

4. A compound of Claim 3 wherein: 

Z is CH 2 CH 2 CH 2 optionally substituted with one to four R 5 ; 
20 R 1 and R 2 are independently H, C,-C 3 alkyl, C,-C 3 alkoxy, halogen or nitro; 

R 4 is OR 14 ; and 

R 14 is H or C r C 4 alkylsulfonyl; or R 14 is benzoyl or phenylsulfonyl, each 
optionally substituted with C r C 3 alkyl, halogen, cyano or nitro. 

5. A compound of Claim 4 wherein: 
25 X is S(0) r ; 

m is 1 or 2; and 
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6. A compound of Claim 2 wherein: 
Q is Q-2. 

7. A compound of Claim 6 wherein: 

5 R 1 and R 2 are independently H, C r C 3 alkyl, C r C 3 aikoxy, halogen or nitro: 

R 6 is H or C r C 4 alkylsulfonyl; or R 6 is benzoyl or phenylsulfonyl. each 

optionally substituted with C r C 3 alkyl. halogen, cyano, or nitro; 
R 7 is H, C r C 6 alkyl, or C 3 -C 6 alkenyl; and 
R 8 is H. 

10 8. A compound of Claim 7 wherein: 

X is S(0) r ; 
m is 1 or 2; and 
r is 2. 

9. A compound of Claim 2 wherein: 
15 Q is Q-3. 

10. A compound of Claim 9 wherein: 

R 1 and R 2 are independently H, C r C 3 alkyl, C r C 3 aikoxy, halogen or riitro: 
R 9 is H, Cj-C 3 alkyl, or cyclopropyi; and 
R 10 is H or C2-C3 alkoxycarbonyl. 
20 1L A compound of Claim 10 wherein: 

X is S(0) r ; 
m is 1 or 2; and 
r is 2. 

12. A compound of Claim 2 wherein: 
25 Q is Q-4. 

13. A compound of Claim 12 wherein: 

R 1 and R 2 are independently H, C r C 3 alkyl, C r C 3 aikoxy, halogen or nitro; 
R l 1 is C3-C5 cycloalkyl or C3-C5 halocycloalkyl, each optionally substituted with 
1-4 C r C 3 alkyl; and 
30 R 12 is cyano or C2-C5 alkoxycarbonyl. 

14. A compound of Claim 13 wherein: 
X is S(0) r ; 

m is 1 or 2; and 
r is 2. 

35 
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The compound of Claim 1 which is selected from the group: 

a ) 2-[(2.4-dihydro-2,6,9-trimethyIll]benzothiopyrano["4,3-c]pyrazol-8- 
yl)carbonyl]- 1 ,3-cyclohexanedione 5,5-dioxide; 

b) 2-[(2-ethyl-2,4-dihydro-6.9-dimcthy^ 
yl)carbonyl]-l,3-cyclohexanedione 5,5-dioxide; 

c) 2-[(2,4-dihydro-2,6,9-trimethyl[l]benzothiopyranol4,3-c]pyrazol-8- 
yl)carbonyl]-5-methyl-l,3-cyclohexanedione 5,5-dioxide; 

d) (2,4-dihydro-2,6,9-trimcthyl[l]benzothiopyranor4.3-c]pyrazo]-8-yl)( 1 -ethyl- 
5-hydroxy- 1 /Y-pyrazol-4-yl)methanone 5\5-dtoxide; 

e) 2-[(3-chloro-2-ethyl-2,4-dihydro-6,9-dimethyl[l]bcnzothiopyrano[4,3- 
c]pyrazol-8-yl)carbonyl]- 1 ,3-cycIohexanedione 5,5-dioxide; 

f) 2-[(4,5-dihydro-2,7J0-trimethyl-2//[llbenzothiepino[5.4-c]pyrazol-9- 
yl)carbonylJ-5-methyl- 1 ,3-cyclohexanedione 5,5-dioxide; 

g) 2-[(2,4-dihydro-2,6,9-trimcthyl[ 1 ]benzothiopyrano[43-c]pyrazol-8- 
yl)carbonyl]-l,3-cyclohexanedionc 5,5-dioxide monosodium salt; 

h) 2-[(2-ethyl-2,4-dihydro-6,9-dimcthy U 1 ]benzothiopyrano[4.3-c]pyrazol-8- 
yl)carbonyl]-l ,3-cyclohexanedione 5,5-dioxide monosodium salt; 

i ) 2-[(2,4-dihydro-2,6,9-trimethyi[ 1 ]benzothiopyrano[4,3-c]pyrazol-8- 
yl)carbonyl]-5-methyl-l,3-cyclohexanedione 5,5-dioxide monosodium salt; 

j) (2,4-dihydro-2,6.9-trimethyl[l]benzcnhiopyrano[4,3-c]pyrazol-8-yl)( 1 -ethyl- 
5-hydroxy- l//-pyrazoU4-yl)methanone 5,5-dioxide monosodium salt; 
k ) 2-[(3-chloro-2-ethyl-2,4-dihydro-6,9-dimethyU 1 ]benzothiopyrano[4,3- 
c]pyrazol-8-yl)carbonyll-l,3-cyclohexanedionc 5,5-dioxide monosodium salt: 
I) 2-[(4,5-dihydro-2 J, 10-trimethyl-2//f 1 }benzothiepino[5.4-c]pyrazol-9- 
yi)carbonyl]-5-methyl-l,3-cyciohexanedione 5,5-dioxide monosodium salt; 
m) 2-[(2,4-dihydro-2,6,9-trirnethyl[ 1 ]benzothiopyrano[4,3-c]pyrazo]-8- 
yI)carbonyl]-l ,3-cyclohexanedione 5,5-dioxide monopotassium salt; 
n) 2-[(2-ethyl-2,4-dihydro-6,9-dimethyl[ 1 ]benzoihiopyrano[4,3-c]pyrazol-8- 
yl)carbonyl]-l,3-cyclohexanedione 5,5-dioxide monopotassium salt; 
o) 2-[(2/4-dihydro-2,6,9-trimethyI[ 1 ]benzothiopyrano[4,3-c]pyrazol-8- 
yl)carbonyl]-5-methyl-l,3-cyclohcxanedione 5 ? 5-dioxide monopotassium salt; 
p) (2,4-dihydro-2,6 s 9-trimethyl[ 1 ]benzothiopyrano[4,3-c]pyrazol-8-yl)( 1 -ethyl- 
5-hydroxy-l//-pyrazol-4-yl)rnethanone 5,5-dioxide monopotassium salt; 
q) 2-[(3-chloro-2-ethyl-2,4-dihydro-6,9-dimethyI[llbenzothiopyrano[4.3- 
c]pyrazol-S-yl)carbonyl]- 1 ,3-cyclohexanedione 5,5-dioxide monopotassium 
salt; 
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r) 2-[(4 > 5-dihydro-2JJ0-trimethyl-2//[l]benzothiepmo[5,4-c|pyrazol-9- 
yl)carbonyl]-5-methyl-l,3-cyclohexanedione S,S-dioxide monopotassium salt; 
s) (2,4-dihydro-2,6,9-trimethyl[l]benzothiopyrano[4,3-cJpyrazol-8-yi) 
5-[(methylsulfonyl)oxy]-l//-pyrazoI-4-yl] methanone 5,5-dioxide; and 
5 t) (2,4-dihydro-2,6,9-trimethyl[ 1 ]benzothiopyrano[4,3-c]pyrazoi-8-y 1)[ 1 -ethyl- 

* 5-[(4-methylphenyl)sulfonyloxy]-l//-pyrazol-4-yl] methanone S,S-dioxide. 
16. A mixture comprising a herbicidally effective amount of a compound of 
Claim 15 with a herbicidally effective amount of one or more compounds selected from 
tribenuron-methyl, thifensulfuron-methyl, metsulfuron-methyl, chlorsulfuron, 
10 triasulfuron, 2,4-D, dicamba, bromoxynil, MCPA, fluroxypyr, clopyralid, fenoxaprop, 
diclofop, tralkoxydim, clodinafop, imazamethabenz, sulfosulfuron, difenzoquat, 
propanil, prosulfuron, metribuzin, glyphosate, triallate, trifluralin, paraquat, diallate, 
linuron, diflufenican, pendimethalin, cyanazine, neburon, terbutryn, prosulfocarb, 
isoproturon, chlortoluron, methabenzthiazuron, metoxuron, simazine, ioxynil, 
1 5 mecoprop, metosulam, fluroglycophen-ethyl, flamprop-M-isopropyl, bcnzoylpropeihyL 
ethametsulfuron-methyl, quinclorac, bentazone, rimsulfuron, nicosulfuron, 
primisulfuron, atrazine, terbuthylazine, imazethapyr, glyphosate-trimesium. glufosinaie, 
fluthiacct-methyl, quizalofop-P-ethyl, flumetsulam, halosulfuron, sethoxydim, and 
flumiclorac-pentyl. 

20 17. A herbicidal composition comprising a herbicidally effective amount of a 

compound of Claim 1 and at least one of a surfactant, a solid diluent or a liquid diluent. 

18. A herbicidal composition comprising a herbicidally effective amount of a 
mixture of Claim 16 and at least one of a surfactant, a solid diluent or a liquid diluent. 

19. A method for controlling the growth of undesired vegetation comprising 
25 contacting the vegetation or its environment with a herbicidally effective amount of a 

compound of Claim 1. 

20. A method for controlling the growth of undesired vegetation comprising 
contacting the vegetation or its environment with a herbicidally effective amount ol a 
mixture of Claim 16. 
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